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(54) PRINTED WIRING BOARD AND METHOD FOR MANUFACTURING THE SAME 



(57) In a printed wiring board, an odd nunnber (n) of 
conductive layers (11-13) and insulating layers (21-23) 
are alternately laminated upon another. The first con- 
ductive layer (11) is constituted as a parts connecting 
layer and the n-th conductive layer (13) is constituted as 
an external connecting layer which is connected to 
external connecting ternninals (7). The second to (n-1)- 
th conductive layers (12) are constituted as current 
transnnitting layers for transmitting internal currents. The 
surface of the n-th conductive layer (13) is coated with 
the outermost n-lh insulating layer (23) in a state where 
the external connecting terminals (7) are exposed on 
the surface. It is preferable to constitute the initial insu- 
lating layers of a giass-cioth reinforced prepreg and the 
external insulating layers of a resin. 
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Description : - ) 'c 

TECHNICAL FIELG); ' 

[0001] > . The present invention relates generally to a 5- 
multilayered printec;!, wiring board, capable of realizing , 
high-densitv packaging and a method for manufacturing 
■the.same. and. partiqularly^o a printed wiring board. hav- . 
ing an odd.number pf conductivejayers. a printed wiring 
board having build-up layers formed by using the ,addi- n 
tive method and the like, a method of forrning intercon- 
necting through holes for electrically connecting 
.conductive layers and narrowing. the pitch between sot- 
.der balls for external connection .and the interconnect- 
ing through holes; ; ■• 1^ 

, BACKGROUND ART;. . • r 

[0002] Conventional printed wiring boards include 
those having conductive. layers-QM^to 914 built up sue- 2 
cessively. as shown in Figure 42. The conductive layers 
91 1 ;to 9,14 are electrically connected to one aFyother via 

'.; interconnecting through; holes ,9,3.1.,to 933.,Jnsulating 
layers; 921. to 923 are interposed between, the conduc- 
tive layers:911 to. 914. respectively. ,r - 

V;[0003] -, The conductive. Iayer..91,1 is .a.icomponent- 

r . connecting.layer on.which.an electronic component 961 
is mpuated.and-cpnducts electric. currents in and.out of 

■■"the electronic component 96,1 . The.coaductive layer 911 
. which is, one of the;Outermost layers and.lhe electroriic 

M.ccmponent 961,are electrically connected, to each other 
.. byrbondinc wires 962. The..conductiye layer 914 which 

= . is the othe^r outermost layer.-seryes as an.externarcon- 
.aecting layer fpnconnecting. external connecting.termi- 
. naJs 97 andjeading eleGtric'Currents-in and. out, of a 
printed wiring board 941= The internal conductive Jayers 
, 912 and ,9l3.,are.electri.c:current transinitting layers for 
■Var.smitting internal curtentSiof. the. p,rinted.wi,ri.ng.board 

941. ■ 
[0004]..; Next;. the..;rpethod of. -manufaotufi^g the 

; above printed- wiring bo.gfd will- be descrij;^e,d.,.:-. ^ 
[0005] I • First, .as shown infigur,e 43, conductive lay- 

. ers 912;and 913 are formed on the.upper.side ancJ-:lower 
side of -an. insulating- layer 9^2; respe.cliwely.. Further, 
interconnecting through holes ,932: are.fprmed:: through 
the insulating layer-922, and,>the wathof eaqf). Ititt^con- 
necting through,hole 932 -is cov.ered .with a met^l.plating 
filrrt 95-. A resin 92Js„then packed in.th© i.nie.f;cqnnecting 

. - through holes. 932. . - : " . . ^ .r- ■ 

. .-[OOOei;;; ^ ;Next., 'an irtsulating .!ayerf92i1..and .a copper 
. foil are .laminated.- on the.upper.side. of the> insulating 
layer 922, white an insulating layer 923 and a-copper foil 
are laminated ^bn the- lovver side, followed bycetchjng of 
the copper foils to form conductive layers 9.11 -and-gU. 
[OOOT]..: ..Subsequently, as shown:.in:Figui:e!44;:' inter- 
connecting through .holes.-931.. and- 9-33. ;a re -.farmed 
through theJnsulating !ayers.921 and. 923 to ejipose the 
■■ surfaces. of. 'the internal conductive ;layei:s 912 and 913. 



_ , respectively.,, ., • !• 

! [odpa-lV / Then, as shown in Figure 42, a. nnetal. plating 
film 95 is formed on the walls of the interconnecting 
,thr.ough holes 931. and 933, and external connecting ter- 
'r.roinals 97 are bon^ded onto the surface of the^ outermost 
' .conductive layer 9 j4. , . . . . . 

^[0009] .fhus.,the,^printed wiring, board 941 can be 
. obtained. ... - , • 

[OOlpli, ' By repeating the procedures shown, in Fig- 
. ures^'4,3,aAd 44. the/.numb.er of conductive^ layers to be 
built^upVin , the .'prinW wiring board 941 can • be 
increased, .the thus obtained, pnnted wiring boa|d has 
' insulating layers and conductive Jayers, built up alter- 
nately both on the.upper side .and'on the lower side of 
i the center insulating layer 922. Therefore. _ ah "even 
number" of conductive layers are^ formed' according to 
. the above nnethod. _^ , , ... 
- [0011] . Hovvever, the conyehtipnal.,nnethod of manu- 
'facturing printed wiring >.pards 'as described abov^ is 
0 not suitable fpr t?uilding up an odd number of^QO';id.yctive 
, ;jayers,'.although Vc^^ up, an^ even nunlber of con- 

.'.ductiv.e layers efficiently. , t. .. .... , 

' [0012] Jo despVibe. . for. example, a. 'case where a 
,Rrinted,wi'ringbpWd having five conductive layers 910 to 
'5 ' 914 built up. as shown jn' Figure 45. is manijfactured. 
■ " the second to fifth condLK^tWe Jayers 9irto 9U are built 
,V." up.firsl' as'.shoyvn in Figure 46:, in the same iiianner as 

described^atjoye^ excepts 
. " an un'patterned copper foil. , . ^. ^, ; 

iP -Vp;i3i , ^.Next. as^shovvn. in Figure 47, th^^ 

■ tayep9l}t. is remiDved. completely.' and then Jnterconnect- 
, ''^ing..mrqugh Jioies^^ are^fornned. a^ sh9wn in Figure 
^48 followed by formation of a metal plating, film^.95 on 
..!"the"wal) of.^ 931, Subsequently, as 

35Z shovvain Figure 49. , pre'pregs -are laminated and press- 
. \bonded to form insulating layers 920 and 924. Conduc- 
' Mve layers 910 and 914,are the.n formed on ..the surfaces 
. ,,.',,pf the,'insulattng.:;iayers;920 and 924 respectiyety. fol- 
' ' ' towed by formation of interconnecting through holes 930 
40 . and , 933 . through the .insulating jayers 920 ^r\<i 924 
. . respectively, as shown/in f .igure 50..A ,m^tat plating film 
' ;|/95)s formed on the vyajts'of the, through holes 930 and 
,.. ,'lj933.,as shown in F.igure 45.,... . . , . ,^ <. .j. , 

/■ . [00.14] - As describ.ed* above, vyhen a printed.wiring 
i^s/^board having, an 'odd. purribgf of": conductj^^ 's 
! "manufactured., it is necessary, in.ordef to pr^eyent,warp- 
.Jng. oflthe pressrbpnded printed wiring., boar.d from 
.'■occurfing. to„carry- out,' . after formation of .th^ Jpternal 
' conductive layers 91 1 and 914, the procedure of rpmov- 
50 .ing . the-, conductive layer 914,.^ Thus, the conventional 
,/ .method, requires wastef^L. a .procedure .a.nd , is an 
M .extremely inefficient, manufacturing met.l]iod. , Further. 
... the" insulating laye^rs formed .ar.e . too .thick to. meet the 
.purpose, oif achieving dow.nsi.zing . of ..printed .wiring 
55.,, boards.. ^. ;.. - 

JOOliS} >Under such circumstances, it c^^.be consid- 
"ered. to forrn an in,sulating layer. 920 and -a .cp.nductive 
layer. 9.1 aon!y.,on one.si.de of ,the insulating .layer 921. In 
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this case, however, warping of the printed' \A/irih^ board 
'can occur in' the step of press-bonding a pr^pr'e'^ for 
forming the insulating layer 920. ' 
[0016] Meanwhile, in a multilayer build^ujD' type 
printed' wiring "board. 'the intel-n^r insulating layers '921" 
and 923 to be embedded in it* are reslhs, so 'th^t \hey 
have hig'h' coefficients of watbr absorption of O'.s'Vo 1.0 
% and have high water contents. The water is yapofized 
naturally with passage of time to assume tHie'fdr?n of 
water vapor which collects mainly, for example, between 
the insulating layer 921 and'tHe' adjacent insulating lay- 
ers 922 and 920 and' between the insulating* layer 923 
and the adjacent insulating layer's 922^and 924' 
[0017] 'Accordingly, it is^'likely that the ''intertayer 
adhesion is lowered and that the layers undbrgo delam- 
mation. Particularly! the^ greater the huniber' bf layers 
laminated, the greater becomes the number of \iyater- 
containing internaP insulat'tng layers, and We '""higher 
becomes the tendency bf' int'eriayer dbliamihati6n 
[00'l8]' ■ Meanwhile. Vefehng 'to ' nh§h6'f^ of 
printed' wiring boards, there ib 'a 'nnelhbd invented 'By us 
previously and, disclosed ih Japanese^ PateM' Applica- 
tion No'. Hei 8-21975rThat is?as shown. in pi^ii/e^^fel. a 
conductive 'layer' Is fdrmed oh each^ insul^t?ng"lclyjer in 
step 591* and then fnterconnectihg' through hoie-form- 
ing tHrough hol^s'Sre defined "in e^ch ihsulatihg I^Ver in 
step S92. Steps S91 'and|S92 are'VepyatSd corriespond- 
ing to the number n of insul^ting layers'.'to'b'e iarfilhated. 
Next, in step S93. the number n of in sufatin/g" layers are 
laminated vta an adhesive material 'arid posittih6d|such 
that'the through holes in the respective lay§r^'m^y'Corn- 
municate wifh one another to cbhsiitufe' ihyrcon^'b'cting 
through holes. In' step 594, the a'cJhS'slve 'material is 
" melted by heating and the like, and the %ers arb'pVess- 
bonded tbgether'to fdi-nfi a mUltilayfer sUbstra'te. I'n step 
.395,' a conductive material, ^such as a; sold§t*khd the 
lik^ is packbd into ffie intercdnnecting thf-dtigh Kb'tes to 
irinpart conductivity to therh/ Thus'.'* ^* prinfe'd Wiring 
board is obtained'. ' " ' .V ' 

, '[66l9] ' However. ' in the ' coriveWionaV' rneth'bd of 
nnariufacturing prihted wiring ' boards descriLed^^bove. 
in'terconnectihg thVough h6le-¥6rMiny''Througih~ ^holes 
nnust be defined in each in^uf^tihg I'ayei"' independently 
' Ac'cordingiy tHe 'mbthod re'cjuil-es mtricate pr^fcbSiiii'es of 
"defining through* hole's. 'Further, the throli'^h Hdles'must 
*b^ positioned: PakicUi^fly'wlth the r&ducirohHhlhe size 
of the' intercPnriectin'g through' hofes.'it ts 'be'Connihg dif- 
ficuit to carry o6t accurate' rbgistratibn of 'iHi^-'thfough 
holes. 

[0020] Meanwhile, in a 'multilayer prtn ted" wiring 
board, pads "for connectihg 'external terminaf^"$Cibh as 
solder Balls arb' provided" oh the odternnostlayer tn this 
case; the intercbhnbdting'throl^^^ electri- 
cally Connected 'with' the pads by connecting 'dfcuits. 
However, the connecting circuits which occupy .^Marge 
surface ai-ea ai-e a'Kindrance in achieving A^rt-'dbnsity 
packaging ori the substrate' surface. Particularly, in a 
'multilayer pHhted wi ring board ! it' ife^'iiecessary to form 



high-density wiring on the uppermost surface. Further, 
large amounts of electric currents must fed in and out 
through the external connecting'terhninals. ' 
[0021] The present invention is directed, in view of 

5 • the problems inherent rn the prior art describWd above. 

^- • to provide a printed wiring bo^rd' whidh tan ihnprove 
'efectrical properties of nriultilayisred wiring boards and a 
' /method for manufacturing the same. Particularly it is a 
'first objective of the preseht invention to build ifp an odd 

10' ' number of coriductive'layers efficiently 'with n'o'warping, 
A sbcond objective of the present invention- is to pr^^ent 
delamination oV layers. A third objective'bf the present 
. 'invention is to 'form interconnecting 'thVough- holes at 
accurate positions. A fourth ob^'ective of the present 

15 invention is to carry out transference of afihuge ^amount 
of electrical information through solder bails for external 
connection and also to achieve liigh dehsificatibn bf -sur- 
face packaging. 

20'- DISCLOSURE^GFTHE INVENTION i ■ ''^ ; " • ■ 

'[0022] *" A first aspect of the' prese^nt -invention is a 
printed wiring board havirtg'^n bdd nUmber'n'of cbhduc- 
'-^ ■' tive rayers ^^htch' are' bUilt -Up via' insulating' .layers 
25 respectively and Which arte '^lect^rically connected to one 
'anotHbr by ihterconnectin^*fhrough holes, char^ctbrized 
' ■"i'n thaVthb firsrt condu'ctivfe -layefr is'a- cpmp'onent-con- 
' - jSe'bting la^ef oh' which^an ele(itronic'conip'onent rs to be 

■ ■ ' rrtduntbd ^rid'Whidh leads blectrft currents in and 'out of 
' 3b'' the 'bletitronie cohnp)oKenf. the n-th conductive l^yer is 

' " "an -exteHrial " CO'nhectlng layer for connectingl-exter nal 
' " cbrinectin^ 'terrhfh'ali' fbrle^ding currents in and 'out of 
the prihted ^wiring b6a^d^thb second to (n-T)-thfconduc- 
' ^fi'veMayeVS' are curreiit tr'ahirnittlhg layers for transmitting 
35' "' internal ' ca^rehtsr^bf 'the' 'printed wiring board, -and the 
' ' • 'sUrfacb^bf^thfe'fi-th'condOctive feyer i^ cbvered^with the 
' • h^th and butfefmbst'irisjulating layer which is the outer- 
^mbst^layer withl the' external connecting; terminals being 
exposed. 

'40 [0023] " What'is noticeable-most'in the first-aspect of 
the invention is that the printediwiring'bc^nd has an odd 
number n' of conductive layers and the surface -of the n- 
th conductive' tayei-' is covered with th^ n-th iand outer- 
" most insulating layerwith-th'elexterna! connecting termi- 
45-' hals beiHg'exposed. " '-^ • - ' 

' ' " [0024] ' In the fir^t aspect' of the invention; t^e odd 
^ '■■ riumbehn meahs an intefger'e^tcludmg li^Vvhioh cannot 

■ -'be divided by^^'hto-a numertal with no-decinhahfFaction. 

for example. 3. 5 and 7. The reason why 1 is excluded 
"50i .from the odd humbern is that such a.cbnstitutior> having 

' onlyi one bond uctrve; layer cannot- constitute ra printed 
i" 'wifin^ board. ■ f . -^i. ■ ■< 

' [0025] ' Actiroris and effects of the first aspect of the 

'■'■•ihvention wil^be described.' ■ : ^ ..j i.' - j 
55- •[0'026]':" Thei printed wiring board according Xp the 

■■ first-aspect-of the invention-has an odd number n of con- 
-ductive t'ayers'forn^ed between an oddsnumber n of insu- 

' lating. layers, respectively. The {n +,>.^)J2-:ih insulating 



3 



5 



6 



layer is a central insulating layer and has,on the upper 
side and lower side the same number of insulating lay-, 
ers respectively: Accordingly, no warping occurs in the 
printed wiring board during press-bonding of:prepregs 
tfor forming insulating layers. ; . i 

[0027] ^ Further, conductive layers can be built up on 
the upper side and lower side-of the centrat insulating 
Mayer efficiently.' ~ ' . - . • 

[0028] Therefore; the printed wiring board accord- 
irig to the first aspect of the invention Is of the structure 
vVhich facilitates building up of an odd number n of con- 
ductive layers. 

■ [0029]i^; -Further; the n-th and last conductive layer is 
covered •■ with the'- n-th and outermost, insulating layer 
serving as; the' outei-most layer. Accordingly.tthe n-th 
^conductive layer is embedded in the 'printed, wiring 
board. However, the ;external connecting terminals don- 
n"ected>to the n-th conductive layer are'exposed through 
connecting "holes of'the^ n-th insulating layer., so that 

• electric'currehts can be led in and out of the printed. wir-,' 
■ing board through the-external connecting- ternrainals. 

[0030] The external connecting terminals .'are pref- 
erably solder balls. The solder -balls can st^Wy Tead 
electric currents, in^ and out thrbugh the n-th conductive 
layer:" ' • • ■ ■■ ■ ■ • " ' 

[0031]' '^ It is also' possible to. connect:external con- 
h'ecting terminals to the surface-of the n-th conductive 

■ laye.- and to-build up an^n +^1) .th conductive Hayer on 

■ the surface of the n^h insulating layer present-on. the n- 
-tivconductive -'layer. In this case, the.jresulting printed 

' ■ wiring board comes to haVe an eveninCnnber of conduc- 
tive-layers. External connecting ierrni.n5ls canl.be. con- 
nected t'o'the surface of thef{u .+ 1 )-th -conductive layer. 

• [0C"2] The method of manu.'acturihg the : above 
printed wiring board can be. exemplified ^as moIIows: a 

• m'^thod^of manufacturing a printed wiring;bbarc: having 
an odd number n of conductive layers which are btiilt up 
vi^' insulating ^ayers respectively-and are eisGtrically 
connected to one another via interconnecting^ thrcugh 
holesrthe method corYiprising the steps of; interposing 

■ insulating layers between second to n-thxonductive lay- 
ers respectively and " also^ forming interconnecting 
through hole's for electrically .connecting the conductive 
layers to one' another; 'laminating a prepreg and.^a cop- 

' per foil on' the' su.-fac'e of the second conductive Mayer. 

'* vvhite' laminating and press-bbnding a p;e^reg on the 
surface of the n-th conductive layertoTorm-a multilayer 
substrate havihg 'an -ocd number, n" of i^isulating layers 

■ ' "and^alsd locating ihe second to n-ih conductive^layers 

■ . as ihternallbyers of the multilayer substrates etchiriO the 
"copper foil taform a^ first conductive layer; forming inter- 
connecting through holes and connecting- holes in the 
first ^insulting : layer and m the 'n-th insulating Hayer 

■ respectively; forming.a metal pitting film for electrically 
• connecting the first conductive layer with' the second 

conductive layer on the - walls of the 'interconnecting 
through holes of the first 'insulating layer; and-^6onnect- 
i'n'g 'external connecting t'ermina^3 to the'surface of the n- 



;th/Conc:uGtive layerexposed through the interconnecting 
through holes of the n-th insulating layer. 
[0033] ■ VVhat is most noticeable .in this method is 
; th.at a prepreg and a copper foil for forming the first con- 
; ductive layer are lanpinated on the surface of the second 
. conductive layer and that only.a. prepreg is laminated on 
the surface of: the. n-th conductive. layer. .When the pre- 
, pregs' and- the copper foil are press-l?onded. the first 
'■ insulati.ag layer and the n-.th. insulating layer are formed 
w simultaneously by.this press-bonding.: Accordingly, the 
, second to (n-1)-th insulating layers already tarninated 
into a single body receive, on the upper sides and the 
; lower sides, thermal stress evenly. from.:the prepregs 
.. during the press-bonding, so that no warping occurs in 
15 the-printed. wiring board. . . 

[0034] Further, the n-th and last conductive layer is 
. covered on the surface.yyith an insulating layer fpr.med 
. • ... byr- laminating .and press.bonding. a, prepreg. In; this 
state, no electric current can be> ied in and out through 
20 -the. n:th: conductive flayer. However. ,.connecting;.-)jotes 
are defined'Jn the.putermpst jnsulating layer to^expose 
.,,'th8. external connecting' terrjninajs/through these, con- 
... necting hples,- and thus electric;, currents can be led in 
..... and out.thrpugh the,n-th,and last conductive layer.. 
25. ' [0035] -..In addition, thepexternali^connecting termi- 
..„;na Is, are, preferably solde/ rballs. The sold.en balls can 
. ! ,lead stablyi.electric currents Jn; and- out through the n-th 
-.i r conductive ye r. < ■ < : ; . iti : .'' i 

.- {G036]r..i The. cpnductive, layers ; referred to above 
30 .,: rnean-.a)l,,so?tS:i pf -coriductive patterns which can be 
.Jorrne.dj on: the., surfaces of^ insulating, substrate?, for 
example, wiring circuits., pads... termirials and lands. 
Gofi,duetive patterns are fprnried. for exampt3.'by,etch- 
• ■ ing nrtetal..foils pr^-by niietal.plating.; .... 
35- .[0037]. ; ! . The; insulating !aye!rs> include synthetic, resin 
fsingle- substances, prepregs. etc. .The .synthetic resins 
.^;:/inc^udei for.example. eppxy resins, phenol resins, poly- 
. !■ imide resins, polybutadiene resits and fluorpresins. 
, [003S:]; - .v Further, the. printed wiring board according 
s*£) to the -.first - aspect , of .the. iriyention: can .be utilized, for . 
example, as memory -modules, multichip modules. 
' . fROther boards, daughter boards and plastic packeges. 
[003?^ Metho.ds cf defining interconnecting through 
: -"f^holes anc'.'.cc-nnecil-g hdes include,,for example.-irradi- 
45 nation ov„ laser beams onto the insulating layers. at the 
. . .^v posittons where holes are to.be formed; chemical melt- 
ing of the- insulating: layervat; the. positions where holes 
: are-to be.formed; and machining using a drill. ,»• 
u•...,[0040] !■. A second aspect o- the present invention is a 
50 ■. printed;. wiringi board comprising *an internal- insulating 
substrate having a conductor circuit formed on the sur- 
- . face.-.at teasfone internal insulating, layer laminatad on 
^ the-surface of the internal insulating.-substrate. and an 
. ■ ■ . externat^insulattng layer laminated, on- the surface of the 
55 internaMnsulating layer, .theiinternaj insulating.layer and 
the external insulating layer having--an internal conduc- 
- . tor circuk and an external conductor circuit respectively; 
- whereini the -internal insulating- layer is of a . glass cloth- 
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'reinforced prepreg; and the external InsCilatihg tayfer is 
of a resin, " t y ■ r 

^"[0041] The- glass c!6th-reinforced' prepreg referred 
to above means a nnatenal obtained by impl-eghatifig a 
glass cloth b^ase material with a resin. However.- in^the' 
second aspect of the- invention, it is^ particularly" pre- 
ferred to use a prepreg containing 30 to 70 %' by weight 
of glass cloth. Thus, the coefficient of water absorption 
can be lowered to preverit intefl^yer del^nh^n-ation from 
occurring. Meanwhile, those prepregs which" contain 
less than 30 % by weight of gtass cloth cbmfe' to- have 
high coefficient of water absorpfibn to. 'be liable to 
undergo interlayer delaitiinationv wh^^eas 'those which 
contain more than 70'% by weight of gtass dbth'is likely 
to show low interlayer adhesion; since the abs;6lute 
amount of resin is sriifeill, =■ ' ' " 1^'- = ' :! 
[0042]' Further! the outermost -insulating layer may 
hkt formeb usirigthe' s'ferhe prepireg as used for thennter- 
nai'insulatthg layers. . i.- :;f.'^/- . . :■ 
[0043] ' It 'shtfuld'-be noted thafin thfe- printed wi'ring - 
board according td^ the Becond asp'^'ct'of th^ invention, 
-interconnecting thro'iii^h'hbles. blii^y via hol^s, via'holes, 
etc. ban be formed irt' theMnterhal ihstifafing siubstrate. 
interhat insulating laye^(£i]r and ext'-^riSai inSulatinig ^ayer. 
' Fut"tHer. "(3h the igjct'ernal' insuia^ihg "layer, tiarfdi' for 
Hhouhting solde^'ball^, k sdlder f-esislTof seciaring insu- 
latiori' between e'xterriarc'o'nyuctor' cireuits.-%tc.' can be 
formed. That is, the printed wiring ibo9r^*a'cc6rdihg to 
the second ''aspect the'-invfehtion may hai^^'i'artous 
structures generally enifslbyed In prinPdd wirinQi boards.' 
[0044] ■ Actions -of the second aspect of thie pfe'sent 
invention will be clescribed4!i6ToW. ' 
'[0045] In' the pir'inte'd wiring board according to the 
second aspect of thfe'irivte'ntion- a glass cloth-reinforced 
prepreg" constitutes the' ihternai in^uiaSing lav^g»r{ WNile a 
' resin cbnstittJtes t^e extel-nal insulating layer, -That is. 
'since the' internal' rrirsuld'ting layer contaihs= the ^glass 
cloth.-coefficient of water 'absorption ca"n't>e^educed in 
the layer "Accordingly, the coefficrent of wat^r ab^'^orp- 
tiori' bf the MnterhaT insulating 'layer as a- whole -can be 
reduced: ' ■ ' f ---h '-<'' 

-[0046] ' ' Thbi-efore. the ab'iolute amount of water to 
b'e contained in the internal insuhating'layer i^s^retiljced, 
in turn, the atisolOte amount of wfeter vapor to beformed 
by vaporization of the^ water content is rddlicedrThus, 
' the'amount of water vapor collecting betweeri- tt>e layers 
is reduced, increasing'interlayer adhesion:f > T 
[0047] ' That isVthe printed wiring board acdording to 
' th^'second aspect of the ihverttiori has^a highl^frfeliabte 
structure-, sinc^nt hardly undergoes interlaye?r delarrtina- 

tion.- ' ^ - ;>n. .■ 1,. y,:.- 

[0048] ' Further'sinte'the- external insulating layer is 
of a resin.' it-fdcilitatesfoVmatibn of . fine patterns. There- 
fore, Ihe printed wirings board; according tOLth& second 
aspWct'bf'th^ invention^ facilitates. formatioh^ ofr^a.high- 
"derisity substratel = • i,-:-- 
''[0049] '-' As described above.vaccordirtg. to the sec- 
' ond aspect of the* invention. 'printed wiring boards. which 



■ hardly undergo interlayer delamination and can main- 
-,'tai,n high reliability even if the printed wiring board is 

allowed to have a higher multilayer, structure, can be 
•provided. 

5 [0050] Further, the printed wiring board according 
■to the second aspect. of .the invention, can be utilized, for 

- example, as memory modules, ^ multichip . modules, 
mother boards, daughter boards and plastic packages. 

i [0051] It is preferred to form two or morjs " internal 
10 ' insulating layers. According to this structure, printed .wir- 
"^ ing' boards having higher multilayer structures and .high 
reliability can be obtained. ■• -..! 

[0052] The coefficient of water, absorption dn ithe 
internal insulating layer is preferably-0.1 to 0,',3 %. Thus, 
15 the e^ffects tO'be brought about according ito the second 
aspdct of ithe. invention can»be secured, tt js difficult to 
form such prepregs as having coefficients of., water 

■ abs■<^^ption of less than 0. 1 %; whereas prepregs having 
scoefficientsfof water absorption of more :than 0. 3 % 

ro - cbntain too ' much; water to exhibit the-; effect to^ be 
bi'ought about according to :the- second aspect of the 
invention.' '-^ ■ ' ; 

• ^ [0053] '-A third aspect of the invention. is a method of 

^'manufacturing a printed wiring board having aiplurality 
25 of conductive layers which are built up via insulating lay- 
1^ ers respectively and are electrically connected'itcsjone 
^another via intercormecting -through holesi' the method 
■ ' comprising ithe steps of forming conductive layers on a 
•"■ plurality of insulating layers respectively: laminating and 
30 press-bdnding^he resulting insulating layers, to form a 
multilayer;- substrates irradiating' a- laser beann- upon the 
multilayer - substrate at., interconnecting through vhole- 
forming portions to define interconnectingithrough holes 
such that'the-bottonns oflhese through hotest reach the 
35 conductive: layers; .fusing solder iballs. against thejnter- 
connecting ■through: holes and filling them- with; the, sol- 

• ider.^- ^' ' k.! ! ' . ■■■ • : "iir ]>.. . . : . 

. [0054]. - Actions, and effects of the third aspect of the 
'.'.. 'inventian wrihbe described:.- . . -i:; ^ i; . 

40 . [0055]: In 'the third aspect- of thei invention ,- after the 
-V : insulating-dayens' are .laminated,: a laser beam.is irradi- 
. ., ated to form ioterconnecting through holes. Accordingly, 
^. ' .■ interconnecting through' hajes.^penetrating'.ratl of the 
...Jnsulating layers: are 'formed bya.single, hole-defining 
-^5. / procedure. Further,^,there is-npineed, of forming inter- 

- connecting; through hole-defining through ^hole^ in the 
. respective insulating jiayers- independently, facilitating 

.-. formatidn of interconnecting through: holes,- ■,. 
- ,: [0056] >... ' .(Furthermore, according to the third aspect of 
50 [theiinventiori, interconnectingithrough. holes, having dif- 
(, ferent'depths can be fornned by. the, single hole-defining 

procedur;e.- . ■ . * ... 

: [0,057].! ■ r Unlike the prior, art,, insulating layers, need 
not be positioned-for securing. continuity of, the. through 
55: holes:-, Further,.' -..even; smalt interconnecting -through 
- holes c^n be formed accurately. . , . 

.[0058] .r. Further.i.the interponnecting .through .holes 
^ are filled with a solder, and solder balls a re-fused to the 



openings' of the interconnectfng through holes, so that i 
electric Gurre'nts- flowing across the internal conductive : 
layers can be'taken cut easily through the solder and , 
solder balls. ■ ' ■ ■ ■ ' ■ ■ ■ ■ 

[0059] The walls of the interconnecting through- 5 
holes are preferably covered with nneta! plating films, 
and thus conductivity can be imparted to these through 
holes. 

[0060] The conductive layers preferabl^.^haVe a 
thickness of 10 to 70 unn. if they have a thickness of less ? 
■' than TO umi holes are likely to be formed in the conduc-, i 
tive layers by the laser beam irradiation; whereas if they 
have a thickness of more than 70 urn. patterning of the 
conductive layers is likely to be difficult. 
^^'[bG61]"' - The- insulating layers are preferably flexible J 
' films- made^of'a glass fiber- reinforced resin. Such insu- 
lating layers facilitate ithe ^.hole-defining procedures 
using laser beam, and besides thinning of printed wiring 
'bbards can be realized', ■ ■ i - 'l 
[0052]^' P'As the laser beam 341. for example, a CO2 ' 
laser and an eximer laser can be used. i 
[0063] As the insulating layer, for example, syn- 

■ thetic resin single substances, resin base materials con- 
taining- synthetic resins and inorganic fillers, cloth base 

■ ' materials cbntaining synthetic resins and . inorganic 

cloth, etc. can be used. The synthetic resins.include. for 
example, epoxy resins, phenol resins, polyimide resins, 
pdlybutadierie restn3 and fluorcresins. Insulating layers 
formed using sucn synthetic resins^^only are occasion- 
. ally laminated 'as prepregs'ior solder resists between ^ 
other insulating layers. 

■ =[0064] J Further;'the inorganic-fillers to bemadded to 

[he synthetic i-esihs include', fcr exarnpte. glass short fib- 
> ersViilica powder-Svimica pov^dersTialumiKa and carbon. 

Base materials containing mixtures of synthetic resins 
' 'arid inorganic-fillers show' high strength-compared with 
■those msde' of syi-.thetic resin :single;s'jbstances. 
' [0065i Meanwhile, the cloth base materials referred 
- to above mean those substrates made'of woven or knit- 
■ ted fabnc doth and' syriinetic" resins such" as glass- 
epoxy substrates and glass-potyimide' substrates. Such 
cloth base materials include those obtained by impreg- 
nating the cloth with synthetic resins. Further, materials 
of the 'Cloth mctude glass-fiber cloth' carbon cloth, ara- 
•mid-'clbthV^^elc:'' As thV- syrithet^^^^ resins ^those as 
■' descnbed'above..a("e ehr,ployed:'' - • 
[0066] The conductive' 'ia^rs= referred = to above 
mean conductive patterns which are formed parallel to 
' ' the surfaces of insulating layers, for ^xarrtple. wiring pat- 
'tei-ns/ pads; lands and" terminals.' The conductive pat- 
terns are formed, for example, by' etching metal foils or 
by metal plating. • 

[0067]' "' ^'The ''^printed' Wiring board manufactured 
according to the thii-d aspect' of the invention can be uti- 
lized, for example; as memory rriodules. muUichip mod- 
ules, mother boards, daughter boards and plastic 
packages.'"''' 

[0068] ''A fouKh aspect of the iriveritron is a printed 



iviwirtnghb.ocrd .comprising an interconnecting through 
.,i.hole penetrating an insulating substrate, a covering pad 

■ .-.covering one opening of. the interconnecting through 

hole.- and a eonductor circuit provided along the periph- 

;r;,eral edgerof :the other opening which remairis.open; 
wherein the, covering pad and the conductor circuit are 

. .electrically„connected to each other via a metal plating 
•' fiirn cqyering the wall of the interconnecting, through 
hole;.and a^solder ball for external connection is bonded 

, • onto the surface of the covering pad. . 

[0069] ^. r.Actipns and effects of the fourth .aspect of 
the. invention, will be described. . : ' • 

[0070]:^ - On the fourth aspect of the .invention, one 
openingeof eachr interconnecting through hole is cov- 

5 e red. .with: a covering pad on which , a spider ball is 

■ ■ bonded. Accordingly, the 'covering ,pad .for. bonding a 

■ solder ball can be located substaritialty in alignment with 
the interconnecting through hole. 

If [0071] : Therefore.:, the area, occupied by; the inter- 
0 - connecting.through,hole,Goincides;with,the'area,occu- 
: pied, for bonding the, spider ball,, so that there is po need 
■ of.securing.the area for forming,i,nterconnecting through 
;holes..and;the area. for. bonding solder balis, separately. 
, thus achieving-.high-density .packaging of interconnect- 
'5-iing through hp.les and. solder balls. . 

l0072}. ..j f;urther. !since :the. areas, to .be occupied by 
. I the interconnecting .through^holes and solder^balls are 
. narrowed; :tc.,affo.-d extra jspacas , on the; surfacepf the 
v insulating substrate^rcpnductpr.cirpuits and the like can 
30 V rbe. formed . onvsuch. extra .spaces.- enabling high .densifi- 
cation of surface; packaging on the i.nsu!ating.;Substrate. 
,r: ; Besides.' the, fourth.aspect of the- invention fu.lly satisfies 
irir ,:thejrequirements particularly for ir-y't'layer buijd-up type 
-.r-,-. ^.printed wiring boards/jvhichrequi^^^ 
.35 packaging. • ; !.}..>.'•.. j-'^-r ■ ■ .■• -a. , --^ 
, : [007:3] i i • i:iThe -solder balls are^, preferably. located in 
■■^ fr.alignrnent with the centraUaxes,. of.the intercopnecting 
■: through : holes, respectively. .Since^ the intercp^npecting 
through -Holes. 'and the.-splder- balls, can . be , aligned 
.40-, -.respectively, the areas to be opcupied-by bpth„of them 
' ■ rcan further be narrowed, .^.m- r; :. - ■! . 
0-,;,; [G074]: lu: The sotder.balls.may: be located at positions 
■■Oi':-cffset from ihecinterconnectingi.through boles. respec- 
..;:.:^dively.Hn this casec largerareas arejequired fpr^tponding 
45 solder balls and for forniing-the.-inlerconnecting.through 
^; holes;, compared with ithe caseiwhere they;ar6;aiigned. 
■-v.^ -However. ftheyican be located in.;small. areas compared 
. ii: nwitlvthe.prior-art where th3y,are located.cpmpletely sep- 

■:■■! aratelyrtifi- ■ t v ■< . r., ■■ _\ . 's - 
50. [0075] v-n!lt- ts preferred -that the surface of the insulat- 
' 1 jing substrate is covered..with' a, solder resist., and also 
. - -thednterconnectirig thrpugh holes are filled with the sol- 
der resist. Thus, the conductor circuit formedon the sur- 
' ■ face jof Ithe insulating substrate and the metal; plating 
55 films-formed en the walls of the interconnecting through 
n hotes^can be protected from. moisture and flawing. The 
- . solder balhconnecting! portions are not^coye.red with the 
• . -.solder resist^ but are exposed. In the case where termi- 
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nal. connecting portions for-lerminats btherUh'sTn^ solder 
balls are to be secured.' such portions* are' not covfered 
with the re.sist but are exposed. The interconnecting 
through holes may be filled with a "'filler of conductive 
materials such as a solder in place of the s<)JdeF^F©sist. ■ 
[0076] A fifth aspect of the invention 1s a 'printed wir- 
ing board comprising an interconnectihg through hole 
penetrating an insulating substrate, an annular pad dis- 
posed along the peripheral edge of one' opening of the 
interconnecting through hole so as n'6t 16' coVer the 
opening, a' covering pad covering the- other b'pe'Mng of 
the interconnecting throOgh hole and a'fcohductor circuit 
connected to the covering pad: wherein the aKriXJfar pad 
and the covering pad are electrically corinefcted to each 
other by a metal plating film covering the 'Wall of the 
intercohhecting thfough hiDfle: and a sold^V biatl'for exter- 
nal connection is bonded onfothe surfac^iof thef annular 
pad. ' ■ -f^' 

[00^7]'- ■ In. the' fifth '^mbddimerrt'bf'the invJ^Rfto^th, an 
annular pad'is locarted'along the-^eripHeral-edgef of one 
'dpehing-'oY each -in^ierconri'ectihg' thr<!Mii^h' h'dl€.;-and a 
scyider' ball' is 1>'dhded' drito the'^'s&rf^ae- lof the^ pad. 
Accbrdingli'.'tlie soliii^r bait dan be locdfed'substaritially 
in alignment '"with theN 'intercdhneotirtg through' ^hole. 
Therefore, the area to be^ occupied- byHhe lihtercohnect- 

"ing through hofe cdincidfefe with the' anea to bi^fed©ilipied 
for'bdhdin'g thfe So^derf^hali/'sb itH'a't there is' ho need of 
sectirihg thte' ^rea fdr formihg iViter^bonrih^ctihg" through 
hole's 'artd the- area 'foV bbhdmg sdfder^ baits' s^arately. 

^thus achi^vin^ ^iigh-dehsfty'pack^girig-of int^rfconhecl- 
ihg through httl6fe'^rid so'fder balls'. i'- iJ ' ' .^^ 

[0078] -^Further, sihce i:he areas to bte occupied by 
the interconnecting -ih-rbugh' holes and sotd'er tjalte are 
narrowed "td affoVd^^xtra ^spScb^ on ithie-i Surface^ of the 
insulating substrate, conductor circuits andilh^: ljke can 
be formed on suc-H 'extra 'Spaced, enabling HigVi^^nsifi- 
-iiation of ^surface pai:ika5tne^ on th^ rhsuldtirigisate'strate. 
[0079]. k i-is preferned'i^hat the -sold e^t tba life are 

-' located in alignment:wlth the central axesrvgfi'the'lnter- 

' coh'hecting through' hble^ ■respectivelif^ an^d thai; each 
interconnecting through hole isifilted with^the: solder as 

' a lower part df tH^csolder baN.^Stnce th'e intehfcdHftecting 
through' hotes' arid the 'solder ibalfe can: be^ialigned 
respectively as=dfe scribed' above; the are&s-tQibei'occu- 
•pied=by both of thfem' ban; further be^ nar^owied-.h''^ - 

'■'[0080]'' 'The Soldep baiJsimgiy be- located-at positions 

■ offset from the ihterGonnectirig through, holes hefspec- 

■ tively. In this case, larger 'dneas are required; fbrl bonding 
solder balls and for forming the tnterconnecling bhrough 

'holes -compkred wi^h tHfei case' where? they feTfeO^tjgned. 
However.: they can beT'ocated in. smalif areas compared 

■ with the prior art where' they arelocated> completely .sep- 
'arately. ' ^ ■ ^ ' .■ -..i' J... j-- i 

' [0O81] - The si/rface^ of the-insuiating '^substrate is 
''pYefei-ably'covered with a solder resist-; ThQs-.iihie con- 
ductor circuit formed' on the surface of'the ^nsylating 
-substnate can be protected, from moistufe; flav\/ing, etc 
The solder ball-connecting^ portions, on^ the hCpvering 



":. iJpads are' not covered with the solder resist but are 
'exposed. In the case where^terminal connecting por- 
' ' tions for terrninals other thanrsolder balls are to be 
secured, such portions are not covered- with the resist 
5 but are exposed. u. 

! i • - ■ . ^ _ . , 

BRIEF DESCRIPTION OF THE DRAWINGS 

r [0082] k:? : 

10 ' i : i^vf- - ■■. .■ 

Figurei.1 is a cross-sectipn,al view of the printed wir- 
ing-board according to a first embodiment of the 
' = invention: , j ; - . • 

15 - P .Figure 2 is a cross-sectional iviewiof anj jij^ju^pting 
i' . r. itayer rrv the method of imanufacturjng . the. printed 
M'. ? wiring board of the first embodiment-A,. ' 

Figure 3 is a cross-sectional view continuing tfrom 
20. V - Figure 2 sho\Mhg a Srecond insulating lay^r^pntain- 
ing interconnecting through hoJes; : -^^. r 

:u • Figure 4Lis a cross-sectional .view co.ntlnying.from 
■r. Figur€ii;3. showing ;the , second irist^ilating layer in 
2B • 'Oriwhich a nrietal plating f!jm!.iS:formed,on'the walls of 
v.; .the: iriterconnecting through holesi .*- 

■ >. I.' i^FigureuS is.a-crossTseptiongl view coptiriiuing.from 
c Figure^;. 4 , showing. -tKe second .insulatijng, layer on 
JO z' which^a black:-oxfde=fi|nn.^isiforiT!ed;, j,.. 

. ; t cri-;. R^ure 6ris' a crossTsectional .vie.WJ continiyirigjfrom 
\ ■■ : Figure j&,showt[i>g t=he. se<;ond Jnsulating Iqyer on 
. . . t. , ■ whichiaiprepreg and ja copper foil are. laminated: 

: ^i '^.FigurenZ, is.ra^cFo^s^Srsectipnal. vieyvvcontinujrig from 
Figure 6«hDwiDgtfifst to<third Jnsul^tifig, layers; 

I ! . i^l. ..r,r . , r/^'j^i) 

p,''. ^Figure. 8. .is. .a cross\sectional vievy continuing from 
40r --.[\ .. Figure Z^^showtng thei.^first to tfiird- insulating. layers 
1!;!=; : ■ having- a. first, CO nc!uQt4lye Igyer fornried on , the first 

:. ■,!%• ■ / in SMl3ting, layer;;; .,j ■.■■r,^ 

' ' i.' ;:.Figure.9 is;.a,,cr^^?s-?^qtbnaliyi;e.w c^^^ from 
-.45 5^o 'jFt^re:.8 stiovyjng the:first tOithirdLinsujating layers in 
which interconnecting through ^.hojes and cpnnect- 

:'V '.. ; - ing holes-acQ. formed; - ., ; ''-.j'ii)' 

. h r I .iv' Figure 1 10. is.ia ?;ross-sectional -vie.w, of , the .printed 
50; t' .'i' .^winng board according tp-a secon^l^.^mbodirnent of 
• - „: th^ invention; .j i^. ;- . 

• ^, ' .Figure.l.l is a cross-sectjonarexplanatoryjdrawing 

• _ofi :th,e printed wiring ^bpard Recording, .to a third" 
55 : ..J , , embodiment of the invention: . . . 

Figure 12 is an explanatory drawing showing the 
process pf, m.^.nufacturing the. printed wiring board 



according to a fourth embodimenl of the invention; 

Figure 13 is a.cross-seUional view of the printed : -.^i 
wiring board of: the fourth embodiment of the inven- . , 
tion; ^ 

Figure .14 is a crossrsectional view of an insulating . ; 

layer for illustrating the method of forming the first :• . 

insulating layer of;.the fourth embodiment; ; . 

y-.'. ,. • ■ ■ • w 
Figure 15 is a crossrsectional view continuing.from 
Figure 14' showing the insulating layer on which a 

copper foil is bonded; ■. ' ■ ■ 

Figure 1 6 ms -a cross-sectional view continuing from., is 
Figure- 15 showing the' insulating layer on wfrich a 
conductive layer is formed; 

' Figure 17: is a- cross-sectional view of the insulating 
layer for illustrating'the method bf forrning the sec-- 20,,:- ■ 
ond insulating t.^j^er of the fourth embodiment; . ;.■ 

Figure 18 is a cross-sectional view continuing from 
Figure 17 showing the. insulating layerrin which a 
through hole' for defining a mounting recess is-: 25 
formed; ^.'^V'- 

: Figure 19 is- a cross-sectional view of the insulating 
layer for illustrating the method of forming th&^third 
insulating layer of ths fourth ennbodiment; . 3p-..;; 

Figure 20 ;is a cross-sectional view continuing from \- 
Figure 19 showing the iiisulating layer on which a 
copper foil is' bonded; . • ■ " • 

Figure 21 is a cross-sectional view continuing .from 
Figure 20 showing the nnsulating layer on which a 
conductive layer is -formed; ■ * 

Figure 22 is a cross-sectional view continuing from io - . 
■' Figure 2'\ showing'the insulating layer c6vered;with • ; 
a solder resist; 

Figure 23 is a cross-sectional view of a multilayer 
• substrate' formed ,by laminating and prepsi-bdinding 45-- 
^ the-Tii si insulating layer, the second 'insulating ^ayer. 
the third insulating layfer an'd'a heat-radiating.metal 

■ ■•piate:^- . - ■ •■" i^';^'^'? 

Figure 24 is a'cross-sectionat view continuing from so 
' ' Figure 23 showing'the multilayer substrate contain- 
' *■ ing ihtereonhecting through holes;", ' ■ 

• Figure 25 is a cross-sectional view showing Ihe per- 

■ tiri6-nt portion of the printed wiring^ board=according 55 
■ to "a'fiftheri^bodiment■ of the invention;-" ■"■ 

Figure 26 is a" cross-sectional view of .the.'printed 



wiring board of the fifth embodiment; . . 

....Figure 27 is a,plan view.pfthe pririted wiring board 
of the fifth embodiment; 

Figure 28 is a bottom view of the printed wiring 
, board ;0f.,the fifth, embodiment; , . 

,;F:gure 29 is, an . explanatory drawing showing a 
method, of forming interconnecting through holes in 
an insulating substrate in the fifth embodiment; 

•Figure 30 is an .explanatory drawing shpwing a 
method of applying chemical copper plating treat- 
ment to the^nsulating substrate in the fifth embodi- 

■ ment; ; ^ ■ - ■ • i ■ 

Figure 31 is an explanatory, drawing showing a 
method of applying electrical copper plating treat- 
. . ment to^the^insulating, substrate in.the^fifth.embodi- 
, , nnent;., ;. - ".. ■; : - ,,. 

■....'Figure ';32" is an. explanatory drawing showing the 
state of the plating layer" formed wh.en a plating 
solution distributing pinhole is formed in the cover- 
ingpad;,. i- /■ : '•■ 

... Figure 33 is a cross^se^ptippal view showing the per- 
tinent portion of the printed wiring board according 
tc, a^sixth embodiment of the invention; 

- Figure 34,is,an expjanaitory. drawing of the covering 
pad in the sixth embodirnerit:,^ , i . . 

: f.-if igure 35 is a cross-sectioj)al view shpwing the per- 

■ .> tinent portion of the,p.rinted wiring board, according 

to.a ?eyenth;emba<Jiment ofJthe invention; ' ^ 

. Figiur^ .-36 -is an explanatory drawing of ,the covering 
■ pad 'in the seventh embodiment;. , . . , 

' Figure 37 is a cross-sectional view, of the multilayer 
printed wiring board according to an eighth embod- 
..■; -,,imenl of the invention; • n .. . 

\ ...Rgur,e:36 is a:crpssTseclipnal view showing the per- 
tinent portion of the printed wiring board according 
to a ninth embodiment of the, invention;, . 

Figure 39 is a cross-sectional view showing, the per- 
tinent portion of the printed wiring board according 
to a tenth:embodiment of the invention; . - 

Figure 40- is .an explanatory drawing showing an 
annular pad in the te,fith embodiment; . 

Figure4.1 is a.crpss-sectional view of the multilayer 
printed^: -wiring;. board , according to an eleventh 
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embodiment'of th'e invention; " r''"-''-*- 

• Figure 42 is a cross-sectiorial view of the- printed 
wiring board of the prior art having ain even number 
of conductive layers; 

Figure 43 is an expfanatory drawing 'illustrating the 
process of manufacturing the printed wiring board 
■ of the pfiorart so as to show a'method of forming a 
conductive layer as-^th'e outernriost'layei'V 

Figure 44 is an explanatory drawing continuing 
' from .Figiire 43 illustrating a method of forming 
interconnecting through holes: ' ' 

Figure 45 is a cross-sectional view of 'the printed 
wiring board of the prior art having an odd number 
oif conductive 'layers; - ■ -* " 

■ Figure 46'is'kri'explanatbry drawing illustrating the 
method of manufacturing the printed wfrirrg board of 
the prior aVt having an odd number of conductive 

- ''"layers! in which secbncl to fifth conductive layers are' 
"■ fornried; '" ' ' • ' . 

Figure 47 is an explanatory drawing ^continuing 
from Figure 46 showing the insulating layer 
'exposed by rehnoving the fifth' c6hductive''tayer; 

^ Figure 48' 'is an explanatory ' drawing' continuing- 
from Figure 47 showing the insulating layer in which 

■ ' intercohhectihg ' through holes -are defirie'd in the 

second insulating 'l^yer;' ' ■ 

■' Figure 49~' is ah 'explanatory ■drawihg'.'cbntinuing 
" ' ' 'from Figure '48 'shoWing tHe insulating layers having 
first to'fifth conductive tayers respectively;*-' 

' Figure -'50 is* an 'Explanatory drawingi/continuing 
from Figure' 49 showing the'insulatihg 'layers having 
interconnecting through holes formed through the 

"outermosf'insulating layer;" and ' - • 

Figure 51 is an explanatory drawing showing the 
process of manufacturing the printed wiring board 
''^ according "to ah'other exahrtple df the- prior art. 

Descriptiori'of numerals*'"^ ■ ■ 

[OO^^Y 

11, 12. 13. 14; '15 ■ ■ '-conductive layer:* ' r ..> = 

2 resin 

21'. 22. 23';24!-25 ' ■ insulating layer ■ '^i • 

3 • '' ^ b'onding'hofe : rirt*: 

31. 32. 33. 34 interconnecting through hole 

41v42"*' ' printed wiring board 
'5 ' . ■ ■ metai plating tayer-' ^ 
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. v. BEST MODE FOR CARRYilNG OUT THEilNVENTION 
First embodiment 

45 ' [0OS4] y -Ttie printed wiring board.of the embodiment 

- ,iac:cordingi:to the -first aspectwof the.tjnventipn will be 

- t'. explained. referring to- Figures -1 tO;,9, . p-,.- .,: ' 

[0085] The printed wiring board 41.^,;of the first ' 
embodiment has three conductive layers 1 1 to 13 which 
50' /ar&built up via insulating layers 21 to 23 respectively, as 
. *shown in-Fiigure.l. The cpnducti\<e layers 11 to 1'3 are 
electrically connected to one another by interconnecting 
through holes 31 and 32. 

[0086}v The„first conductive layer, 11 i.S;a component 
55 ' connecting; layer on.whieh ani electronic component 61 
is mounted-and leads electric currents in and out of the 
component 61. 

: > [0087] • . v'Th.e second conductive layer 1 2 is, an electric 
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current transmitting layer for transmitting internah elec- 
tric currents of the printed wiring board 41 . v 
[0088] - The third conductive layer 13 is an e.Kternal 
connecting layer for connecting external connecting ter- 
minats 7 for leading: electric "currents in and out; of the 5 
printed wiring board 41. The surface of the third andjout- 
ermost conductive layer.T3 is.:covered with the third i 
insulating-layer 23 with the external* connecting termi- - 
nals7 being exposed. The external connecting termi- 
nals 7 are solder balls. ■ " 
[0089]' Next. Mh'e ^method of i manufacturing the 
above printed wiring board will be described. - i. - 
■[009C]' First, as shown'in Figure 2. coppef^foils 1 are 
bonded to= the upper side and lower side, of the second 
insulating layer 22. and then interconnecting through i 
'holes 32 are formed through the insulating layer 22: and 
the copper-foils; t byi drilling, followed by^etching of the 
copper foils 1 to form conductive layers ?l2 and^13. as ■ 
shown 'in' Ffgure 3 c,". • '> ■ ■ i'j--^''* ; 

• [0091] : • ' Subsequently, as shown in Figured, the wall 2 

■ of each interconnecting throCigh hole 32 is subjected to 
chemical copper plating and electric copper plating to 
form a metal-plating film '5. In this step.^ the surfaces of ' 
the- conductive- layers' 12, and^ 13:are cayered^with the 

■ metal plating films ;r ; [r^^'f y. i 
r[0092]i ' ^ Next.;as shown in Figure 5, a: resin paste 2 is 

■ packed into' the^ interconnecting through holes :32 by 
means of: printing, and ithen blacks oxide films 10 are 
formed' on the surfaces of the^conductive layers 12 and 
■13. The ' black oxide films 10 are formed so. as ^to : 

=■ enhance adhesion- between-the-conductiveilayers and 

• ■ihsuraling layers to' be lamihated, thereon respectively. 
[0093] ■ Then, as shown in Figure e.- a- prepreg 20 

' 'and a" copper foikl "are laminated on the sui:face :of the 
; conductive layer 12; iwhile ohlya'.prepreg 20. is .lami- 
' nated oh the surface of the conductive layer i3:> fallowed 
by hot press-bonding of the resulting >ISminate. Thus, as 
■shovvn: in Figure' 7. the second, insulating layen 22 has 

• insulating layers 21tand 23- formed on ;the upper side 
' 'and Ibvver side and a copper foil l us-bonded onto the 

surface oTthe lnsulating layer 2U Subsequently, the 
copper foil' 1 is etcKed-to form a first conductivs;iaV>r 1 1 . 
as shown iin^ Figure 8; - '" ' ''' ' 

• [0094]' As'shdwn in Figures 3 ahd.9. a laser^beam 6 
is irradiate'd upon the insulating layer.21 at the intercon- 
nectin^'thrdugh' hole-forrhihg portions 39'tp form inter- 

"connecting^ through holes 31 reaching the.j internal 
conductive layer*12. Thelaserbeam 6 is also irradiated 

^ ■ upbh the insulating layer'23 at- the' bonding hole-forming 
''pdrtions'^30 to fbrnn bondihg^h'oles 3 reaching the inter- 
nal conductive "layer l 3; • '' ' ' 

' [OO'QS]' ■'' Subsequently, as shbwh-ih FigureMV'Chemi- 

■ • cal coppei-' piating'treatmeht and electriccoppenplating 
' treatment are' carried out to form a'-metal plating film 5 

dri the%all of each' interconnectihg through 'hole 31 . A 

■ • 'solder ball Is supplied into each bonding hole 3to form 

an external connecting ternriiri^t=7 connected to the con- 
■' ductive layer 13. '-^ • • i'^*''- 



[0C96] Thus..; the printed.. wiring board 41., can be 
,^ obtained. . , . ■ • - •,; a"; 

' [0097]., ^^iJn the above .printed wiring board 41. an 

electronic component 6.tis borided to the surface of the 
;! first irisulating layer 21 using a bonding agent 61 1 =such 

as a solder. The electronic component 61 is electrically, 
-/connected to the conductive layer 11 using bonding 
. vyires-62.:. ■ ^, ' ; . 

i [00,98] Further.. ttiie external connecting terminals 7 
arerconriec.ted.to pads on the.surface of a mother board 

8. • 

[0099] : Next, actioris and effects of this embodiment 
will be described. 
./ [OIOO];, !.-Jhe printed. yviring bo.ard^41 of thp embodi- 
ment .hasr three conductive layers .11 to 'l3 formed 
. between three insulating layers 21 to^2:^. respe.ctively, 
..-as shovyn in:Figure.:1-. The^secorid in.sulating;layer,22 of - 
. j,these; three insulating layers 2i to 23 is the central insu- 
lt ^lating layer,haying:tbe-sam.e:=number of insulating layers 
on the upper side and the lower side. Accordingly, as 
..shown: in.^iFigures 6^- and 7. np.-.warping occurs iijt the 

- ..printed wiring board when prepregs 2.0 for.forming,-insu- 

- !ating,l.ayers,afepress-ho.nded. ( , - 

[0101] In addition, the conductive layers 11 and 14 
. .can be built up efficiently, on- the upper, and !ower,sides 

^: ;pf,the central-insulating layer 22..J , . , . 

i ;[01p2J, , iliherefbr^e. the printed wiring board 41, of this 
, ,,embc,;li.ment.:fias..the structure M/hich .facilitates.building 

- -. of the .three, conductive layers-1 1. to 13. , 

I.. [0.103] ,,vn Furthermore.:, the third, and last conductive 
layer 13 is.covered with the third and outermost insulat-. 
. ing layer 23.,Ac;Cprdingly. the ,third-cpnducttve;layer 1 3 is 
embedded in the;prirtte.d; wiring board: 4,1. Hovyeyer the 
.^-external, connecting rternninals, J.. connected^.^^^^ third 
J > .conductive layer, 13, are exposed through, the bonding 
,. , . boles 3;pf the third and.outernnostjnsulating. layer 23. so 
^.r thatHeadingtpf electric cur,ren,ts ia and^out.of the printed 
r .;w.iring.,board.41 can be, carried out-through ..these, exter- 
; ^ nal connecting terminals 7. . . + ; t . 
= - [010.4] -'.^..^Jhe externa! connecting terminals 7 are sol- 
:der:b.alls..sp thatitheyifacilitate.bondingvyith the.internal 
. ( conductive layer -IS .and can connect, the, printed wiring 

boardTt.l stably tcan external.nnother bpard-S.; 
.,,.[0,105]' . ; Meanwhile, in the method of manufacturing 
5- ithe printe^laviring;board of this embodinnent,,ia,.prppreg 
-20i,and .a. copper . foil -1. for forming the first conductive 
.r layer are laminated on.the, surface .of ithe. second con- 
,,, ..ductive; layer r12. wl>ile only. a;prepreg ,20 lis laminated 
r. .-onto the surface-of theithird.conductive layer,13,with no 
)0. copper foil, as shpwn.in'Figurei6. . i ,• ■;- 
• ;.[0106].'- : ^When the prep.regs 20. and the copper foil 1 
are press-bonded respectively; the first insulating layer 
". 2-1- and the^ fourth;. insulating, layer.,24 can; be formed 
simultaneously by "thiS! .press-bonding, .treatment. 
55. Accordingly, the second.insulating.layer 22 ^Ir^ady lam- 
inated into one bo<ly, .receives, on the, upper side and 
lower side, thermal stress evenly from the surface pre- 
pregs 20 during the press-bonding, so that no warping 
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occurs in the printed wiring board 41 . ' Ir^OOo] 
[0107] Further, the third and last condubtive'Tayer 
13 is covered on the surface with the-insulatin^ia'S/^l^' 23, 
In this state, no electric current can be led 'lr^' and out 
through'the third conductive layer 13: Hb^ever. boriding 
holes 3 are defined in the outermost iWsufa'ling layer 24. 
and the external connecting terminals' 7 are exfjosed 
through the bonding holes 3. Thus, electric curi^ents can 
be led in and out through the third and final c^Vicfo'ctive 
layer 13 through these external conr^ecting terminals 7. 

Second ernbodiment ' ' ' * * * - 

[0108] ' The printed - wiring board 'of the second 
enhbodiment has five conductive layers 11' to 15 which 
are built up as shown in' Figure 10. ' *• 

[0109]*- " ' The fiirst conductive layer l'l Is a'component 
conhecting layer on which "an electronic eronnponeVit 61 
is nribuhted and leads 'elfettric currents' in and to^t'bf the 
component 61 . ' *" ■ ■ u ]■. v . u 

[OfiO] '. The secbrid to fourth coriduclive layers 12 to 
T4'ar'e electric current transrhittinglciyeirS for transmit- 
ting internal electric currents of the printed wiring'board 

42. ' - ■■ ' ' 

'[dill] ' ''The fifth cdnducfrve layei^'lS'. is an external 
conhecting layer for" connecting 'ext'dr'narconnedlihg ter- 
rninals7 for leading ^lecthc" currents''.Fn anc/*d^'\if the 
printed wiring board "42 'The 'suryacfe of the 'fifth conduc- 
tive layer 1 5 is^ cb'vered'wttH the'fifth ahd'^outermost insu- 
lating layer 2& with' the external' db'h'hfecting l^frh^rials *7 
being exposed.'"- ■■ '■■ * I' • 
[Oil 2J ' ■ 'When' pfrfnte'd-^wiring-'board- 42 * of this 

' embodrmehtNs mahufacturec*.''66nductiv'e lfeyerfe''13 and 
14' andHntef^coVinectirfg through holes -33^ are' Tb^ied in 
the third' a'nd' central insulating' Idyer^ 23''irv4h(§' same 
manlier as in th'e fir^t fembbdlriiehf; Theh.- in^sulating lay- 

•'ers 22 arid 24 areMarVilriated oH th^ sijif^bbs-bPth^ con- 
ductive liayers'^3'&nd 14, arfdatso conductive layers 12 
and 15 are formed on the*'i'h^ljiatfhg'1ayers'22 ahd 24. 

• r'espedively. ' SubseqCi^ently.* =fritercbnnectiri^'J Wougti 
hole's' 32 snd' 34 afr defined Mn thfe Insulating layers 22 
ahd'24jr^'specti\)ely, and a metal plating fi^m'S is'-fbrmed 
on tfte" walls of th^^eHhroUgh hole's- 32 and' 34=/; 

■ [0113] ' NeXf. 'a first' fhsulating l&yer 21 anW ^:ddnduc- 
•tive layeY t1 are fornrted on' the durfac© ofthe contlucttve 
■layer 12.' followed -by formfatidn 'of ^ interoohnecttng 
through hdles 31, whereas-'a fifth'^n^swlating layer 25 is 
'■fornhed on fthe surface" of ttS^ teohdU^Gtor^ layer' 15. fol- 

• lowed'^by formatibh of b'o'ntiing- holes 3.-'fh' the same 
manner as in the first' erhbddiment= ' o .? 
[0'114] ■ ' Thu^'-bhe prlhleid wfrln^ bbard 4j'h€ivJrg five 

'' cbhductivi'e'layeVs' 1 1 toilS Can -be obtained. *^ : 
[01f5]'^- ' The other' 'constitutibns'iar^ ' the. same as 
those' in 'fheTtrst-ernb"odinri6?nt. ' • -;':^^'i.'f'' 
[011'6] 'In the'seco^nd'ert^bodimehtveffects sirhilar^o 
those' ih-the first'-enribodiment -are' obtained, l :; .: 



• ■ Third embodiment- " • . ■ ' ■ - 

' [0117J The printed.' wiring board of the en;ibodiment 
according^to the second -aspect of the invention will be 
5 explained referring to Figure 3 Iv. > 

[01i18] As 'shown in- Figure 11. the. printed- wjring 
: board 101 of the third embodiment has an internal insu- 
' lating substrate 116 having on each .side a conductor 
circuit 1 15, an internal insulating layer 1 17.taminated on 
w the surface of the internal insulating substrate 116 and 
an external insulating layer '1 18-taminated on-thaJnter- 
nal insulating la-yer 117. Each (internal -insulating layer 

- 1 17'has om the surface an internalconductor ciroLJk'<l25. 
" while each. external msii-lating layer 1 18 :has;on the. sur- 

15 face an externai' conductor circuit ^135./ ■ i -, . 
' [0119^= L-Thbtinternal insulating ^ayer^1 17 is of a,glass 
■ ' fe^oth-r'einfoPced prepreg.' whereasr the exiernai insulat- 
tng-layer 1 16;is of a resiti. t 
[0120] The internal insulating layerdU is a prepreg 
20 prepared by impregnating a glass cloth witl'^ eniepoxy 
j rSsin; and.th-e external insulating layer 118 is.an epoxy 
rersin. -*■". ; -i ■ . . . - 

[0121] *''Ne>(l. the -printed wiring;. board, 101- of this 
--• 'i ernbodiment wiH. be described be<ow^peci.fically. . • 
25 [0122] The internal insulating- sub,stra.te ,1 16i in the 
^ printed: wiring boa4;d 101 hasicoaductor circuits -'1. 1]5 on 
i ^•both■'Side^.■ Jhej internal '^nsu^at^ng substrate 116; has 
ihterconne'cting; thiioughiiholes 110 .-en^ibedded^with a 

■ ' ' stbldervl^l 1v- and i these through holes 110 seeu revel ectri- 
3d cat continuity between the:internal conductor drcuits 1 1 . 

" [0123] :; . I* The internalj-conductoc circuits 1-.1,. are, each 
cbimppsedof a cbpper-fojl pattern'1.42,and aiplQtIng film 

- - l1 13.fbrmed on the copper foil pattern 1i12. ./-^o; 

■ t0124)-. ■ The^ internal, insulating substrate .1,16 ,h.as on 
35' "e^ch'side'an tnternaUnsiulatingrlayer ^ t7.,:The?internal 

ir>3\jlatingvtayer 1 17. contains blindi via holes; l!2jO each 
having a plating film 123 :formedm-t1i& wall, i- 
" :i [0125] ( iFurtharJan- iBternal .cond4ctor circyit, .125 is 
formed-on the surfaGe.,bf .each internal insulating t layer 
•40 1.1;7. The internar:Conductor circuit 125 is.. composed of 
IV a copper foirpattern 122 and a plating-film 123: 

tr[p1'26];: . The external msulatirig -layer, 11 8 is, formed 
on the surface of each internal insglating jayer 117. The 
; -i^ejiternal insulating layer:;1 18; qpntains via hole^.;130 hav- 
45 :irtg. plaiing:fiJn13^133.on the wajl?, re.sp/eptiyely, Further, 
1 in the external insulating, layer .IJ^ has pn, the .surface an 
= --r e external conductor circgit;1 35 composed,pf a copper foil 
::-i:;;;pattern i1 32 ^and.a plating :film t33H 
:!;;;(0127]: ■ .. Tfhe: surface; of, the .external insulating layer 
5ff'' 1vt85.rs covered- partlyivyith solder .resist and has. lands 

for mounting solder balls, which, ^re pot slfvowri., , 
!f ' ; [0 1:28] : ) ' N ext, , a, method of manufacturin^the^ a bove 
i M; -printpd-wiring^boardiWilJ be described. ^According to this 
n -. method.ithe internaUnsujatingJayers,,1 17, external insu- 
. * 55.' J at i n g . I ay e rs 1 1 1 :8 ; CO n d y cto r ci r cu it s, a/1 d i n t ercp n n e ct i ng 
rn thpough, holes, are formed according to,.jthe „build-up 
-.; ^ ^processiand the additive, prpces?. . ■ 

[0129] specifically, a copper clad. Jaminate .having 
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copper foils on the surfaces is prepared. Next, th^ cop- 
per foils are patterned by etching-to form copper foil pat- 
terns 1,12,- followed; by forrnation of interconnecting , 
through holes ,110 .through .th^ .r.esulting copper-ctad 
laminate. . \ ' ^ 

[01 30] : Subsequently, a plating film 1 1 3 is formed by 
electroless* copper plating on the walls of the intercon- 
necting through holes 110 and on the copper foil pat- 

• terns 1 r2: ;Thus'.' conductor circuits 11 connected- to the 

• tntertOEinecting'through holes can be obtained. A solder ? 
•■.11i1 is then embedded in the interconnecting through 

holes 110. . : 

■"[01011 ■ - Next, a prepreg and a copper fail are lami- 
:nated andrpress-bonded on. each . side of .the internal 

insulating substrate 116. Thus, the copper foils can be i 
' laminated on iboth sides of the internal-insulaUngisub- 
.strate.116 via internal insulating layers 17 respectively. 

[0132] - - The copper-foils are then subjected , to pat- 
..teTning to form- copper -foil, patterns m122;., followed by 
^ laser beam irradiation upon the internal insulating ilayer.s , 

117 to form blind via holes 120;'As the laser beam, an 

eximer laser having a wavelength. of 248 nmiand-an out- 
•put pbwer.of 50 W isiused.,'- 

[0:1'33] • ' -The walls of the blind via holes. 120, and the 
/copper foil patterns 122 are: subjected to .electroless 

■ plating for formingjplating films ;1 23 on them.^-'r ^ 
[0134]- .-Next, in^vthe same manner a& in the, case 
where the intern'al.insulating layers :in 7 and,the internal 

■ conductor cii^cuits 125 are formed.. an external- insulat- 
ing layer 118 containingivia holes 130 and anrexternat 

- conductor icircuit. 135 consisting .of a copper foil pattern 

■ 132 and a plating film 133 are formed .on the surface of ' 

- each internal insulating layer,1,1 7. . .. s . ^ 
[0135] As described above; , the -printed wiring board 

101 Ms obtained. : *, ' : "■ v-.- ' r-' 
'-•{01 361- i-Next. Sctions.and effects of. this. embodiment 
will be described. ' 

■ [0137];>- In- the -printed wiring board. 1p1-*:qfi this 
. embodiment, the internal insulatingjayers 1,17iiare of 
: .glass cloth-reinforced- prepregs; whereas thejexternal 

insulating layers '1.1 8 are of a r6sin. Thus.4he.jpoefficient 

- of water absorption in the internal insulating Jayers 17 
can be lowered.. . ' ■ ■ • 

- [0138] ■ Since :the absolute ''amounti.of; water, con- 
. ■ tained in the internal insulatingaayers. 117.is reduced. 

the amount of water vapor collecting between.lhe layers 
v 'is' reducedr-enhancing adhesion between ;the. internal 

■ ■• insulatingMayers nZ and the .internal insulating sub- 
' strate- H6. arid- between: the internal insulating .aayers 

1 17 and the external insulating ilayers 11.^ . - i - 
[0i39] ■ "• That is; . the printed wiring board; itOI -of this 
: embodiment has a highly reliable structure^vi/hich hardly 
undergoes intedayer delamination." ' - • 

■ [0140] As described above, a printed vyiring* board 
101 which 'harbly undergoes interlayer -delamination 
and can maintain high reliability even if it hasra multi- 
layer ■structure can -be ^obtained- according 4o this 

.embodiment. * •* ' " '•" ' '" '• 



_,,..|p-l^'^],^,.,. The. printed. .wiring board 10,1, illustrated in 
'irtfiis/embodirpent is of, the. structure in which internal 
/^ iosulaling layers. 1 17 are laminated on both sides of the 
;:^WernaV insulating substrate. 11 6. However tike actions 
. ' and effects can be.;obtained even when a printed wiring 
. .iboard -having- an .internal insulating layer or» one side 
" only is prepared and a glass cloth-reinforced prepreg is 
used as .the. internal insulating layer. . . , 

,[01.42] Like actions and effects can also be obtained 
9 for printed wiring boards having higher .rpultilayer.s^ruc- 
ture,s:othenthan those having 6 layers, e g.. 8-layer sub- 
sjrate, 1D-I^yer substrate. , ..j, . ^. , .. - . 

Fourth embodiment . • - ': ; 

5 . • ■ i . . ■ ■ ■■■ 

[0143] The method of manufacturing the printed 
. ...wiringhoard of .the embodiment^according ta the.^hird 
^ aspect of the invention wi[l be described referring to'.Fig- 
, .ures 12 to 24.. .. . - ^ ., . i , . 

.0 ;/[Q1^44], . The ;prinled^wiring.board.209 to be manufac- 
' , turned according to, this, embodiment, has, as, shown in 
Figure .'13. a. multilayer substrate 20,1 .containing first to 
, third insulating layers. 2.11, to 213 and; two conc^uctive 
' ... layers .231 .and. 233 forme.d thicknessvyise with jespect 
?5,:: toahe insulating layers, through^hcles 210, 220,apc|230 
.,formed,to penetrate all of thefirst to, fhird. insulating lay- 
ers 211. to 213; and a; heat-radiating metal plate 202 
provided on the upper side of the imultifayer substrate 
,,. 201, so as to cover the through holes. • , , . 
30. ,[0145], ; The through holes 210.,220. and 230,and the 
./heat-radiating metal plate 202 define a mountirig recess 
;: 2{4yfpr ,mpuntingr an, electronic, component .298., The 
muitilayer substrate. 201 .iS: provided, with interconnect- 

- ./ingAhrpugh hples.2i7.and 218 communicating with the 
35 pGonductive.tayers.231 and 2.33. respectively., . . 

[6,1 46].-,;' "Sotderballs 251 and,252 are lpcated 9n the 
v.. V-.my!tilayer..substrate 20,1 on,the,.side on, vyhich the 
' n}0uriting/f5cess 2{4 opens. Cne. solderibalJ 251Js con- 
, 'i!nect6d.,to the. lower, pp.ening. of .the interconnecting 
-through' hole 217. The^solder balL251 cpnriects. via the 
'interconnecting through hole'217. the conducUve layer 
231.' .provided; in the multilayer substrate .201,, vvith a 
' mother board 295. the other solder ball 252 is con- 
.r reflected;, to [the conductive Jayer .233 provided , on the 
45 ' lowerside..of.the multilayer substrate 210 to.conriect the 
I conductive layer 233 to.the mother board 295, , ., , 

- '.-:[Q147.K The solder balls 251 , and, 252. are fused to 

the terminals 296 and 297 provided on , the surface of 
the .rnother. board 295.;-. - . 

,'50;*, .{01.481,;-. ^ Next, the outline pf. the, method, of rnanufac- 
turing the printed wiring board of this embodinnent will 
. b.e^'described .referring tp.,Figure 12... First, jn.step S1. 
. .,con<lLJclive layers.231 and 233.are formed on a number 
..n ofinsulati.ng layers 211 to 213 {Figures I6..\8 and 21). 
55 ■ Subsequently, in stepsiS2 and.Sp.. the insi^lating. layers 
211 to 213 are laminated and pr.ess-bo^ded.lo.form a 
,f, ..multilayer substrate,20.1 (Rgure 23) . ..Subsequently, in 
. .\- step-!S4,,;taser.bearri-,2b8 is. irradiated upon, the multi- 
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layer substrate "'201 at interconnecting throL/gfTTQ^ole- 
forrning portions to define interconnecting thr6'CJgh' holes 
217 and 218 such that the bottoms' of these -through 
holes reach the conductive layers 231 and 233; 'res'pec- 
tively (Figure 24). In step' 35, solders 251' arid^25^ are 
packed into the interconnecting through holes 21 7' fig- 
ure 51). • ' ' ■ 
[0149] Next.' the methocf' of' manlifacturing the 
above printed wiring board 209 will be descnbe'd in 
detail refeir'ing to Figures 14 to 24'. ■ ■ ' 
[0'150] First, a flexiSle filnn made of ia glass-fiber 
reinforced" epoxy material is prepared as ah insulating 
layer. The flexible film is a flexible belt-like film having a 
thickness of 0.05 mm and a width of 2.5 lo''l5'cTn. This 
flexible film is preliminary rolled into a plurality of web 
'Volls;' \ ' I 
[0151] ■ Next/the flexible film is delivered ^s the insu- 
lating layer from one of the' rolls. Then, as shownun- Fig- 
ure 14, an insulating adhesive 262 'which is = of a 
thernhoplastic gla'ss fibeV-reinforce'd epoxy matferibi is 
' bonded to the I6wer'side of the delivered 'insulating layer 
"211, arid a through'h6le'2V6 is then formed by puhching 
substantially at* the center of the resulting Insulating 
layef'211,'as''shown in Figure 15, Subsequerttly, a cop- 
per foil 230 havrn^ a'fhick'rtess of 35 u'm' is bonded to the 
lower side-^bf the iWsulating'lMyer 21 V via the ih'sutating 

■ a'dhesive 262. as shown in' Figure 15.' - '- ' ' ' ■■' 
[0152]"' Then. '*as 'shown in Figure 16; a iondUctive 
layer 231 is formed from the copper foil by rheahs'of irra- 

'diation anci etching, and ah Mi/Aij plating film'^lfe f^^med 
to cover the surface of the 'conductive l^^er "231 '.Thus, a 
first-inSulatin^'layier 21 1 serving ab"an'up|5er1^y^r of the 

" multilayer substrate is obtained. ' ' ' f- v j' -r- . 
[01^3] - "=As sh'owh in Figure 1-7; inslilattng'^dheifeives 
263 and 264'which are of the same materiaf-as"that bf 

' thelnsulalihg adKesiVe 262 isf'^dHeVed to the(^pt^>' and 
lower sides of' ih^ 'Hexible'film serving 'as tb^-'ins'ufating 
layer 2^2' delivered ^rbm''&notti4r roR. Siibsfeq\>te>itly, as 
shbWn tn' Flgure 18. 'a through h6l# 2-20 'is- fdfrri'^d by 

' p'uhchlfig" processing substantially at the'c'enferof the 
in^ula'ting ldyer'21 2. Th'us; a secdnd irisulating'^la^r 212 

■ serViHg £i ari' interniedi'it'e layeV of the multitaVbr sub- 
strate is 'dbtaihed.- ^ = 
[0154J - As shovvniMn Figure 19, ari' insulating ^dhe- 

' sivfe 265' which is bf the s^mb rhaterial '^fe- th^it of the 
insulating adhesive 2©2 is adhered- to the lower side of 
■'*thef flWxibteTtim serving -a-s the' insulating laye!r 2T^*deliv- 
ered-from cinotHerToir. , ■ ■ ■■'''■■'y'-'''-- 

[0155] Subsequently, as 'stWwn' rn Figwre 20. the 
'Tower side of the"ihsulatinig^^rayer 2t-3'Hs covfi^d^^Slvith' a 
cof^perfbi! 230'.' ' - * ' ' ''f 

[0156] "Next, as'shbwri i^ 'Figiire 2lV*thenGbpper foil 
230 is^sljbjetted 'to' patte'rnirig by means; of irr-adiation 
an'd etching to'form'a eoriductive^layer 233, a hd then an 
Ni/Au* platiny film is formed^oh th^ sui*fa£?6 dflhe con- 
' ducliVe tayer233:"i ■ ^ . ' n; ; ^ 

■ '[0157] ' -'"As'shown in 'FigUre-^2. the lower feiye- of the 
■'insulating layer- 2 1*3' is" cove fe'd' With a solder' resist 266. 



Thus, a third insulating layer :213 serving as a lower 
layer of the multilayer substrate is obtained. . 
[0158] Subseic^uently. as shown in Figure 23. the 

■ first insulating layer 21 1 , the second insulating layer 212 
5 and the third insulating layer 213 are laminated and 

■ •- press-bonded with hfeating\by: the insulating adhesives 
262 to 264. Thus, a multilayer substrate -201- having 
'^•■:three layers is obtained. . 

- [0159] A copper heat-radiating metal plate 202 hav- 
10 ' ing a thickness-of 1 .0 mm is press-bonded to the= upper 
■side of the multilayer substrate 201.!via.an insulating 
adhesive 261. and thus a mounting recess 214 is 
""defineci by the^through holes 210, 220 and 23p and;the 
heat-i-adiating' metal plate 202 coveringithe upper side 
15^ of the through holes. - ; ' I'. r- 

• -■' [0160] ' Next: a laser beam 208'is irradiated upon the 
< mijitilayer' substrate 20r-at interconnecting through 

* ■ hole-forming portions. As the <aser beam, a C(5^iJa9^r is 
V'-- erhpioyedVThus, interconnecting through holes 21r7 and 

20 ■ 218 are formed 'in the 'multilayer substrate 20T so that 
' - thebottoms of the thr6ugh'holeSi^217 and 218 reach the 

* cbn'ductiVe layers 23-1 and.233, respectively.' 

[0161] Subsequently,'as shown ih Figure 13„a sol- 
der 254 is packed into the deep interconhectirig fhtiough 
25 holes 217. *arKl then solder balls 251and.252 ar^ fuse- 
bonded to 'the lower opening^'-'of the interconnecting 

• * • -thTOiili^h holes 217 and the lower .openings of the shal- 
' - ■ ' tow interconn6cting'\thf'ough :holes(218. •. i -; 

■ ' '[0162]* : ' Thus, a prlnPed wiring board 209 is obtained. 
30 {0163J' i-:*'Then, as" shown inrfiigyre 1 3.; an .electronic 
' ' 'conhpbnent^SS ife mour^ted \r\ \ke mounting recess, 214 

using a die-bondingimateriaJ 269 such.as a stiver paste 
and a solder. Next, the electroniisxomponent 298. and " 
■ the'- ti|ig:^df 'the -conductive layers; 231 an(ii'233; are 
35 bonded using wires 281. and then the space: in the 
' mGti'rfting ''r^eces^ 214 tisi covered withL ;a sealing, f^esin 
206. ' ' 

[0164]' Nej^t, aotfons and effects of. this embotdifpnent 
^ will be described, ;i m '.' *' ' ■ ' • - 
hO' [0165] ■ In. this enr>bo<iliment.- as shown' in Figures 23 
ahd 24/lJit6rdonnecting through holes 217 and 218 are 
' ^fbrnriediby irradiating. 'the laser beam.2Q8 after/Jamina- 
tion of the first to third insulating layers. 211 to 213. 
■ Accordingly.: theinterconnecting-through holes>217< and 
^5^^ 218 penetrating through..*the insulating layers 212.- and 
^ 2"l'3 can^be. formed by^ single hole-defining;procedure. 
(.fi; Further, there ms noi need of ^forming: through, holes for 
ti. fionmihg' the interconnecting !through..i holesit fqr the 

• - V-reSp'ective- insulating lay ens,.. sot that the interconnecting 
50 through holes cam be formedi easily:- ^ ^- . - . ■ 

[0166] • -. Further, interconnecting through; hoje^ 217 
^ '• -and 21.8 having different depths can be formejd by. a sin- 
gle hole-defiriing 'procedure. !-..: 'ii / . :■. It 
" [0167]. There is no need -of positioning thejnsulating 
55'- layers for securing continuity of ;the. through holes as 
'required in the. prior art.,- Fu-rther.- even small intercon- 
<^ 1 n'ecting through holes can be formed accurately., , . 

[0168] Since the thickness of the conductive layers 
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231 and 233 are 35 um. interconnecting through holes 
21 7 and 21 8 can be formed without forming holes in the 
conductive. layers- 31 and 33. Fifth embodiment .• 
[0169] The' pVirited wiring^board of the erribodiment 
according to 'the fourth aspect of the inventibn^wili be 5 
described referring to Figures 25 to 32. The-prMted wir- 
ing board''3G5 of .the -fourth' fembodiment has an^iinter- 
connecting through hole 302 penetrating an insulating 
sijbstrate* 307. One;; opening of the interconnecting 
through hole 302 is covered by a covering pad 311. : 
-while the otherjopening remains open -and has; a con- 
ductor circuit 316:al6ng the opening edge. 
[0170] The covering pad 31 1 and the conductor cir- 
tuit 31-6' are electrically connected via a meta!- plating 
'ifilm' 323 covering the wall of the . interconnecting through 
hole 302r'- • ■ '■ • - f ■ " ■ 

[0171] :i • A solder ball SOS for externaLconnection is 
bonded' onto the: surface of the covering, pad 31.1. The 
solder.ballr303MS aligned with the. central, axis A of the 
MnterGonnectirig :through hole 302ir.The surface .pf the 
insiijiating substrate 307 is . covered, with a solder.,resist 
306. -and; the interconnecting through-) hole 302 is 
. packediwith.the solder resist 306. . . ■ \r 
; [0.172] 'Further, as. shown in figures 26. and: 27. the 
upper side of-the insulating, substrate, 307ms provided 
with an annular land 312 formed along the opening 
. edge of the interconnecting through. hole -302 .and a 
mounting pad 355 for mounting an electronic compo- 
r.ent 350. A bonding'.pad 317:for. bonding wires 3,51 to 
be connected to thC' electronic component :350 are pro- 
vided around-ths ;mounting pad-^305: The^Helectronic 
■ component . 350 and -.the; bonding wires 351 . ar.e pro- 
'■'tected by a sealing resin SSQ. ';.-: - ' - . 
[0173] Meanwhile, as shown in: Figures. ;26 and 28, 

- a multiplicity of covering ^pads 311 for bonding- solder 
.. baHB-303 are provided on the lower side,oftheijnsulating 
' .substrate 307. 'in alignment withirthe interconnecting 

through holes 302 respectively. The.solder balls. 303 are 
•fused to'.pads 381 of a' mother boardr308 onth&Jike. 
[0174]' Next, the ms-thod'eof - manufacturing the 
' above printed v^iring board willrbeidescribed.': '>vO| 
' [0175] '-'- First.^an insulating substrate 307 composed 

- of an epoxy. polyimide or bismaleimidotriazine resin and 
' a gfe'ss fiber or -glass. cloth reinforcing material Hs pre- 

• pared.i 'A copper foil i&vbonded onto .the,surfacevof the 

• insulating substrate 307! ■ -■ -^s f -^^ ^ ->- 

- -[0176] ' ' • !The insulating substrate i307 .is.then sub- 

jected to treatments'such.as light exposure and etching 
. to effect patterning -of the copper foil 321. -as( shown in 
Fr^ures'29 and 26'. andiform a conductor circuit 316. a 
bonding pad 317 and a moufiting pad 355. ■Simultane- 
ously, covering pads 311 for covering interconnecting 
through hole-forming portions 320 = and 'annuian lands 
312 surrounding the peripheral edges of the intercon- 
necting through hole-forrning portions 320, arp 'formed 
on one side and on the-other'side of the insulating sub- 
■strate 307 .'respectively: >^ ' * ^ 
^ [0177] ' Next, as shown in Figure- 29. laser beam 341 



is irradiated upon the insulating substrate^ 307 at the 
igtefconnecting through hole-forming portions p20. A 
\ laser irradiator .342 is moved horizontally 'along^ the 
.'..'!pjane . of 'the insulating substrate 307 to emit the laser 
rbeam 341 .at the spots, corresponding to the intei;con' 
nepting through ho'le-forrning portions. 320. As the jaser 
,V .'l3eam'j341., it..is^..V use a CO2 laser having 

great.Qutput power energy, an eximer laser which gives 
less thermal influence or the like. 
0' [0178]. Formation, of the interconnecting .through 
. holes 30*2 by irradiation of the laser beani 341 is carried 
, out by vaporizing and removing the insulating substrate 
307. at the corresponding.portion with the high energy of 
the^las^er^beam 341 to- bore gradually into the.insulating 
5 ' substrate 307. Upon the-reaching.,of the tip of the laser 
beami41 to. each covering p.ad 31 1,coverir.g-the, bot- 
tom^ the laser. beam 341 is. reflected by the copper foil 
..... serving as.the.cwering pad 311., and .irradiation of the 
r 3.;Jaserbeam 341 is then terminated. Xhe .i.ntercpnoepting 
?o.. ^.through holes 302 have a.diarbeter of.^for, example. 0.1 
mm. : -.> V '-^ '■- - ■ ' 
,[0,-173i/ ; .vThen.,.as shown in Fjtgye 30, a thin c^^epical 
' copper:pl^ting.film 32;t1 haying. a.thickness of aboufl .urn 
. . is fqr.med on poFtio.ns wh%re,metal plating filnis .are ^to be 
25 formed, i.e.. on the patterned copper, fojl 321. and the 
walls^o.f theJn.terconnecting.thr.ough holes 302..;fpllowed 
. *: ' .by cleaning of th^ thus.treated insujating substrate 307. 
' : [0180] ^Jext.,a.SiShownJn,Figure.31..th^.su^^^ of 
/ the insulating substrate ;307- if;\ciuding;th^ yvalls of the 
3a -..inte^rcpnnecting . through, holes 302 is- subjected to elec- 
,-./trical -copper platingvtr^atment,. The electrical copper 
plating trealment is carried out by immersing the insulat- 
. ing .substrate together, with an, anpcle into an electrical 
.,..iplating;bath..with.,the,chemica) copper.piatin^ film being 
35 .f'copr.ected to the. cathode. via an. electric- lead 319. The 
.. X electrical plating .b.ath co.ntains.copRer su Ifa'te and; has a 
bath temperature.,,ofJO*'C.Jn;-this.,state,,an electric cur- 
, rentrtiaying a . density of 0.8. to. .1.4 A/dm^, is 'applied 
, . -acrossithe chemical plating-film 323 for 2Q.minutes. 
40. .-[01,811., Thus,, the .copper;rnelts.,out .9f.. the cathode 
\. , surface. to^ deposit pn. the.surface .of,.the.c.h?rnica^^ 
, .r film.-servtng as the. anode. forming a qopper.nnetal plat- 
Ia- jng,fi!mv322 on:the walls of ;)h.e interconoectirig through 
holes 302 and also covering the.siirfaces.of.the.cover- 
45; : ing. pads. 3,1 l.iCpnductor circuits, 31 6. lands.. 3:1 .2^, bond- 
, ing; pads .317 .and mounting pad.3p5 .{s.ee.Figuf,e 27) . 
. Incidentally,ahve electric lead 319 is removed .by rmeans 
of etching. -i.aser irradiation or th.e.like. ;after ,the, plating 

treatment,.., ^:. ■ v--^"^' ■ • ".'r-.r^ 
50 [01821 Pinholes 313 can be formed at the centers of 
the covering pads 31 1, as shown in. pia.ure 32. since the 
laser beam energy is high at the center and low around 
■: vthe peripheral portion; These pinhole?313 s^rve as dis- 
tribution channels of the plating solution. ,as,,will be 
55 des.cribedjater. tO:allovv,sufficient distributionofxth.s plat- 
- ';ing solution in .and out^of the interconnecting through 
... .-• holes; enabling.:. fo.rm,ati9n .pf- the metal plating film 322 
uniformly on the wall of each interconnecting; through 
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hole 302;'' ■ •■ ' '''^^^'--'i'* 
[0183] Next, as shown ih'Figure 26. the 'surface of 
the insulating substi-ate 307 is' ciDvered with a bolder 
resist 306. By this " treatment, the interconnecting 
through holes 362 are packed w'ilh [He solcieV rebist''306. 
Meanwhile, the surfaces of the solder ball 'bt^hdmgj por- 
tions of the covering pads 31^, boncling pads' 31 7 and 
mounling pad 305 are exposecl Without bein'g^covered 
with the resist. ' ' ' 

[OiSA] Then, solder balls 303" bre suppired t<i the 
surfaces of the covering pads 3 VI with the side of the 
insulating substrate 307 on which the 'co'i^ering pads 

■ 31 1 are formed facing'upWard, fojtowed by fusing of the 
'solder b'^lls 303 with heating to bond the' ^$6 Id eY balls 
303 with 'the covering pads 311. respectively. 

[O'lSSj* Subsequently. 'an eTec'tTonic compdhent 350 
'is'rinounted "on "th'e slirface' of the'-'nhbuntin'g pSd' 305 
usihg'a bonding'age'ht silidrasa silver pJaste'^rtd' is con- 
nected to the' bbndir^'g 'pa'ds 3t7 with bonding wirefe'351 . 
The electFdnic cbfHfibh'ent 350'a-hd th"e' WrSyihg' wires ■ 
351 are then sealed with a sealing resin 359. ' 
[0186] As dfekeribed above, the printed v\^Hn^'^oard 
30'5 shown in Fi^Ur^s 25'to'2'8 cari be 'ftbtairied. t - 
[01"8/]" ■ * ' Nbw,^actlohs-ahci effects of'thi^ ^nibodiment 
'will be ddscrib^bV '^ ' ' - ' ; vir' 

[0188] - In the' phhted Wiring' board '305'^^of this 
ehSbo^dll-Hient, ''brie opening -of' VacW Uhterconh'ecting 
through' hole '302 \d cbvei-e'd with a c'oVering |fcf^d'3^1 on 
which a solder ball 3^3' is bonded.' AciWrifi'hgly; the* cov- 
ering pad 311' for bonding ~th6 sdldeV' ball- 3Q3 ' can be 
' substantially alfgne'd with Ihe^'ihtfeyGohhiebting thVough 
\Hole3d2; . - - •■•'^'t S 

[01 89]"- THisr'ef6re;'1h"e area to be bdcujbi^d. by the 
irifercohneciing-'th rough hole cdihcldes with 'the -af^ea to 
be bc6upied* for bonding the 'bolder bafP. -sd^th^t high- 
density packaging of thW'rntercoririectln^ through-holes 
302 and the sbld^r balfe 303 is'-^chifeved?^* '■ 
[0190] ' Fufther: the areas no be ocit/pibd ^'by the 
iritbrconhecVing through holes 302 and solder balte 303 
'ban be'narrbwed to affoVd extr3 spa'cfes on thb' siiirffece'^f 
^ th6 instljlating substr^ate 3O7!'Accbrdingly,'C0hdtjetor cir- 
cuits ahd-'the like can be fornhed'on-such ejtti'a ^; paces, 
'enabling^hf^h densiflldatiori'df- sarfiiCe packaging' Un the 
insulatin§'substrate'* ' ' 

^[0191]' " Meanwhile, as shdwn'tn Flgurei29;1^fnfce t^ie 
ih'te'rconhecting' through holes 302 ar^e fornfi6d byiirradi- 
''atioh of the ' laser beam''i34l'; fihev inte'-pdbnnecting 
''through holes 302can be formed easily land clGcurately, 
realizing much higher density packaging/'-''^': ■ 

Sixth embddirheht - '^ ' " ' '■ ■ " ' 

[019'2]' ' ■ The'sixfh embodiment is -an'Smbodiment of 
' the fourth aspect of the invention.- ' f " 

[0193]"- In 'the prihted '-wiring 'b6ar<j- 305-^bf this 
■'^mbodimeht, the - solder balls 303 are dfffeet from the 
' 'respective interconnecting thrbilrghihotes 302/as fehown 

■ in Figure 33. ' - • '-^ ^ . y- -'-'' 



^ ■' ' ' [0194] As' shown in Figure 34, one opening of each 
interconnecting through hole 302 is covered with an 
ellipsoidal covering pad 314. On the surface of this cov- 
1 eiring pad 314 is bonded a solder ball 303 at a po'sitlon 
5 . 'offset from the central jaxis of the interconnecting 
/ through hole 302. The solder ball 303 is located to over- 
lap with the opening of the interconnecting through. hole 
■ '302. . ^ . u- . .■' . - r. 

'[0195] The other constitutions are the isame as 
JO those in the. fifth embodiment. - • 
' [0196] In this embodiment,- since the. solder; bails 
303 are located at positions offset from the central axis 
- - of the interc6nnecting through* holes 302 respectively, a 
* large^ area is required for bonding -solder balls and for 
15 ' farming the interconnecting ihrotrgh ; holes; compared 
with the fifth embodiment. However, since ^each solder 
bait 303 is bonded to a part of thecovering pad" 314ibov- 
• ering the optening-of each interconnecting through hole" 
302 in this embodiment, the solder .bait- bonding- area 
20'- and-theJ interconaecting through hoie-formitigrarea need 
' "'hdt be formed completely separately unlike in the .prior 
' -^'aft. Therefore, according to the present invention, not 
only high-density packaging oft interconr^ecting through 
■ holes and solder 'bolls -but also .high-density/'Winng on 
25 th6 su^lace oPthe'insulating substrate: can be realized. 

" 'SeVfehth-embodimenft ■ . . * • 

[0197] f -^(The '^seventh embodiment is an erinbodiment 
30' ; bf'the fourth aspect Orf the' invention.' i> ; t. ^- 
" ' [0198] ' ' In the: pri,ntedjwiring bdard .305 of the.sev- 
'-^ i enih embodiment;teach: solder-ball 303' is. bonded at a 

position spaced slightly' away from the interconnecting 

■ t'thi-o'tigh hole 303, as'shown In' Figure 35. ff -^ • 

3d '■ [0d99]-'='- As shown-m Figure>36, the solder ball 303 is 
K bonded' 6'n . the >surfac©'ofiranr feHipsQidal covening pad 

■ i' 315 ' at a psdusitJdn adjacent't to the - interconnecting 

lKroughtiol6v302. ; * ; '.^:-r.>,u^ 

- [0200]^ ■ .i'The-'olheF. iconstitutions are the; same as 
'40^ those in the. sixth -embodiment. '• • • [r-^J':;; 

[0201]-^ '^ iln "this ehibodiment, since each solder ball 
.■^0.303^-ts'bohdedat-a'position adjacent to the intercorrnect- 
' ' - ing through hoi© 302; a large, area is required. fonbond- 

■ : ing S4^kler ;.baHs.-iand for forming the interconnecting 
45 T throifghi holes compared . with ,the = prior arti - However, 

since each solder ball 303' is bondedi tOj,a ^part.of the 
'■r.- covering pad 315icovering the opening of the irntercon- 
;■' 11; hecting through hole 302 in this embodiment.-, not only 
A high-density packaging but- also. high-density^ .wiring on 
SO'f' the surface ■of 'the insulating , substrate can, be^realized 

. ; tike in the sixth embodiment.- > r - , - : ' . . : 
' -.-iv 1... ; : 1 1 , ^- ,\, 

•/^ '".'Eighth embodiment-:,, i- • -'rr . ■ .* ;••„. i • 

55.1 [0202]/ . The eightji embodiment is an;embodin;ient of 
rthe^fburth aspect of the invention. - - 

[0203] The printed wiring board 305 pf^his embodi- 
- ' ment is at multilayer substrate 370 formed by-taa}inating 
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a plurality of insulating substrates 307. as shown in Fig- 
ure 37. - . ' 

[02041 • ' The printed wiring board 305 has intercon- 
necting through holes 302 for electrically connecting the 
layers of the multilayer substrate 370. The openings of 
the inlercohnecting through holes 302 on the lower side 
of the substrate 370 ^are covered with covering pads 
311 3l4^and 315 located'at different positions with 
respect 40 'the through holes ■ 302 ..respectively. The 
openings of the interconnecting- through holes ^302 on 
the upper side remain open', and a'Conductor.circuit 316 
1s forr^ed-:^long the^opening edge of each through hole 
302. Incidentally, some of-therinterconneoting .through 
'ho!es'302' penetrate the multilayer substrate .370, and 
some' do not.- ' ' ^ w • ( . > (' 

[0205] 'The covering pads 311, 314 and 315 are 
electrically connected^ to the- conductor circuits 316 by 
■the-metal-plating films' 322 covering 'the .walls of the 
- inierconneeting through^ holes 302. A solder ball' 303 to 
be connected to.a pad 381 of^a mother board 308 and 
ohike is bonded to^ the surface'of each covering pad 

'311.'-''" . :iT.- ' -U 

[0206] A solder ball 303 is bonded onto the surface 
of each covering pad .31i:to^be-aligned wit^'the central 
axis A of the interconnecting>lhrough hole 302 (see Fig- 
ure 25). 'A- solder ^ball 303' is bonded to Ihe^ surface of r 
r 'another c6vering pad'314' at a. position offset from the ■ 
■■■ central axis of the interconnecting through hole 302 and ■ 
' -overlapping with the- interconhectingtthrctigh -hole 302 - 
■(see figure 34).'A^solderball'303 is bonded onto the 
surface o'f^ariother covering pad 3^1 5 al.s position^ offset 
from the central axis of the interconnecting through hole 
302 and not overlapping with lUhe-' interconnecting ■ 
'through hol^ '302; i.e. at a-position adjacent. lo . the inter- 
. cdhneclirig through^hble (see Figure'36y:i bo'fn:^ 
■■-■i0207p^ -■ The p'rinted-wiring-board ^305 Js'. provided . 
' with a- mounting recess- 358 opening^slepwisesubslan- : 

■ tfally at th^e'center.- 'An ^electronic' Gornponenb'350 is - 

■ mouhtea'at the bottom of the mounting recess 358. The 
electronic cdmpo'rient 350^is ■ele'ctricatly connectedUo i 
bonding pads 317 exposed to the step-like mounting 
recess 358 by bonaing^'wirds 351 . TKe inner.;space of 
the mounting recess 358 is sealed by a sealing resin 

■ [0208] '-^i A Gdnauctor-circuit'S i6'is>forrr.ed^o.i.the sur- 
face of eachMnsulatir^g-substrate:'307.'€ach^:in£ulating 
substratfe''307 if covered^ on 'the-- surface with ai solder^ 
resist. 306. The interconnecting through: hcleS' 324 and 
325 are packed with the solder resist 306. The insutat- 

■ 'ing substrates'*-3b7 are bonded, to one ■another with 
bonding materials 379 such 'as prepi-egs. ■ 
[0209] The other ' cbnstituliohs ^ are- the same as 
those in the fifth' embodiment."-' *' ' 

[02101 in this embodiment, the' multilayer substrate 
• 370 formed'by lamihating-'a pturalityof insulating sub- 
strates^ 307 contains ihtercdhnectingf through holes 302. 
'some of which penetrate all of the insljlatiri^ substrates 
307 and sdme'bf which donot.-fbr electrically connect- 



:ing./the^1a-yers.-lhus enabling formation of conductor cir- 
ccits-,:316;;.vyith high densily in. the form o' multilayer. 
■iF.urther, it is possible to-form lager numbers of intercon- 
- neeting through holes and covering pads andto.,bond a 
larger numberof solder balls 303. , 

Ninth embodiment .^^ • 

[02111 The ninth embodiment is,an embodirnent of 
the fifth aspect of the invention. 
[0212] .-^ -The printed wiring-board 305 of this^embodi- 
ment is provided with an-.annular.pad 313 along the 
peripheral .edge of one opening of each intergonnecting - 
through hole 302, and a solder, ball 303 -is bonded onto 
.the.surface of the.pad 313, as^shown in Figure j38. 
[0213] That is. one opening of each interconnecting 
odhrough hole 302 remains open and has an annular pad 
... 313 applied along^the peripheral edge. Meanwhile, the 
'Otheri opening of the interconnecting through hole 302 is 
..covered. with a:C0vering pad 314. The covering pad 314 
• is connected to^a conductor circuit 3;1,6. , ■■■ ..r.-; 

[0214] . The.solder.ball 303, is aligned ,wilh4he cen- 
. tral axiS'Aof the. interconnecting. through hole.3G2. The 
^ interconnecting throi;ch-hole.302 is filled with a, solder 
. -33b:atia~tower,p.art-,ofjhe solder. ball 303.pTheiSolder 
■..330,is.formed by a.part;0fahe, solder ball 3G3 melted to 
.-.iflow.into theiinte.[;connecting thrpugh hoie;302. when it is 
H fused onto the. annular pad 313..-. ,j . ; ^ 
; [02.15], rjThe,- interconnecting through .hole, 302 is 
preferably filled completely with the solder 330., Thus, 
rr-electricaUontinuity can be.secured,betweenahp^upper 
r-:- side and lower.side of, the interconnecting.lhrough hole 
I .en.-302:.:in order. toj fill the.-solder 330 .throughout the inter- 
connecting through hole 3.02;..:it is convenient to apply a 
■351, flux onto the metal ptatingfilm 32:1.fqcmed on the wall of 
:;,.,.,th.e.intercpanecting;throughihole 302 or appjy.a solder 
paste ..on-lhe. wall, of the, interconnecting through hole 
:• ..^..302;before.the;Solder.ball-3p3Jsfused-with. heating. The 
surfacejof the- insulating substrate .30,7 isicovered with a 
■io.'i solder resist 306.- The, other constitutions are the same 
as those in the- fifth lembodiment. -^^ .-m .u. ;. 
[0216] ' -.Jn this .embodiment, .since an annujpir pad 
313 is' prcvideid along the peripheraj edge of .one open- 
ing of each interconnecting through hole 302, and a sol- 
45 de^r ball 303 is bonded onto the,. surf ace of the; annular 
pad 313, the solder ball 303 can be substantially aligned 
f-.r: ;i with^.therinterconnecting through hole 302.|A<;9,(?rdingly. 
the area necessary:- for -.the,, interconnecting ^through 
holes 302 and.ithe areaAnecessary.for bo^Dding; solder 
•r50r-balls 303 coincide v^ith each otherv.achieving. formation 
1 f. v;.of interconnecting through holes, and,splder balls with 
high density. 

> :f;[0217] Further.;since the area to be ocoupied by the 
h .- :r (interconnecting through- holes 302 and the solder balls 
. - 55 ■ 303 ts-reduced-tc afford extra spaces on .the . surface of 
-. iwr-: ithe insulating substrate-307. cpriductpr circuits, etc. can 
r!.be=forn-ted on such extra-spaces. enabling^high.densifi- 
; • cation ofsurface^packaging on the printed, wiring board. 
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■[C)218] ' Furthermore,' the solder ''<-33{!);'^'W(ht<:h is ; ' .305 remain open andi are. provided with annular pads 
embedded in the interconnecting throughr^h6le-302.as a 313 and 310 having different shapes, respectively. The 

part of the solder ball 303, provides high reliabiJtty in the openings of the interconnecting through holes. 302 "on 

' electrical continuity between the ' intercbiiiiecting ^, the other side of the wiring^board 305 are covered with 
through hole 302 and the solder ball 303. : ' ' s covering pads 314. The covering pads. 314 are con- 

[0219] The same other effects as in the fifth embod- nected to conductor circuits 316 respectively. 

Imentcan be obtained. • ■■■■■■ [0230] The annular pads 313 and 310 are electri- 

cally connected to the covering pads 314; through the 
Tenth embodiment "' ■ !' ■ - metal plating films 322 .covering! the-walls pfithe inter- 

' . 1!' 10 connecting through :holes-.325. Solderirballs-.303 ,to be 

[02ZO] Tenth enribodihne'nt is an embod iilie St of the ' connected to-pads 381 of a mother JsjCKard 308 and the 
fifth' aspect' of the 'invention. ■ .Mike are bonded onto thesurfacesiof the, anr)ular pads 

'[0221] In the pi'irited wiring b'oard^^ 305 ' of this i^" ' 313 and 310, respect^veiy .- • 
embodiment, a solder ball 303 is bonded at a position ' . [0231] ■ A soldpr ball; 303 isibonded onto the surface 
adjacent to 'e'ach interconnecting through hole 302. as is of each annular pad 313 in alignment with.^ the, central 
shown in Figiire 39.' - ' axis A of each tnterconneoting. through holp 302- {see 

'[0222] -An obloh^ anrfular pad 310 is provided'along v i 'Figure 38).l Meanwhile. soldei;.,baH3. 303. are bonded 
the ' peripheral edge"bf. erne opening of ^aoh iritercon- i^ri, - onto thersurfaces of other annular pads 310 at positions 
neclihg through Hble'302. as shbWn fh FigureT4G: A sol- ' offset ilrbm the .centratr axes . -qf :th,e^,jnterconnecting 
de'ribali 303 is bond^d bnto the-'surface of' this annular '^20' ah'rough holes' 302 and inot overlapping yyith the through 
pad 310 at d^^fiositibn offset' fromlhe feehtraif exiarof the t>' • ^ wholes 302.. respectivetly i.e..iatpQ5itions*^djacent,to the 
mtercbrinecting through h-ol^3f02y "S-s^'i! interconnecting through holes 302 (see Figures r39 and 

[0223] ' The bther-cofn&titi3lions"^r& '^the' same as i^j:vni40)'. : -r;.. u > ;- . {■•■.'.; 

"those in ^HeTifth e'mbbdimeht; ■ »' ' : ' " - : [0232]^i .- A heat-radiating plate 3Q4 i^,bonded. with a 

[0224] Sfncd the soldfer'balf -303 rs^ located ata posi- \26^ bohdii^ materiaf'390 such a&.a.prepreg, onto ttp^ other 
^tfon offset from -the' cehtrar*ixis"bf 'e^cti' interconnecting ' . '\side of ith& multilayer substrate,370 across ^rom the side 
HHrough hole'3'02 in thi^'^mbbdihfi6rft;"a* Idrgef^rea is - iJ • onr w*?fGh the', solder ■ba^Jsr303 a,-r.e,bo;3ded. The heat- 
necessary for bonding solder b'aHs arnd forfodmin^ inter- :eadiating^pJate'304 cover? a nipunting h^>l^ ;3>7; defined 
conW^itin^'through' holes 302^H'^niri ^he nfTHlh*^>ribodi- ^ ^stepwise in- thtei multilayer ^substrate 370-and has on its 
merit.' ' ' ' •-' ■ ' ■ \. .r, ■>^'i-]c> . r^so ^-Jsurface an' electcdniic compon^qt 350 adhered using a 

[0225] However, sihce^^' eachf' sblder - b'alh!303 is ' ^'^ bonding agent 3t79 sych.qs .a soWer-pas<^. , 
bohd^d'td'a'p^rt df ^e annular pad 310>r(3vidfed along m [0233] The ^otKer .constitutions- gre th^ sa^e as 
the p^ipheraVedge of tHie opehinTg^of e^h intelFC^ . those iri^ the eighth -en-^btociirnent./,; , ; / 

'=ing th^9u§h'hole '302^.''in this enrtbodirh^ntr thre^e is no : J '' [01234]. ;: OLln-Ahis embodiment, thecmultilayer substrate 
need of fOrfnirig'the =solder b^ll bdnding'^reas? and inter- 35 formed byJamtnatihg: a-pluraJity:of insMlating.substrates 
cbrihecting through 'hole f6'rhnin^' a r^fas Independently h:^: t. ■307r contains intercQfTi.neotinQ , through 'ho/es ;302 for 
^ unlike'\hd prior art- ^Therefbre. icCordihg'to the:present electrica!ly.r0onin:9eting:.the'> layer^ii;Accprdingly,, high- 

' TnvfehtioH/'nbt only'hilgh-den6it?y packaging ^df ihiercon- -density packaging o.f;:.cpnducto)--.clrcuitfS 316. ^intercon- 
" nectihg^thrdugh hdies' and soidei^ ballg'-but'-also high- T .neciing through! holes. 3Q2 and* spider ballsiSOg.can be 
' de'hsity wiHri^ on the Surface of the'pFtrited witmg board -40 ^realized like^in'th^ ninth embodimeF^t., . „,,,ir.,-v. 
can be realized compared: With the prior art:>i~'K^f. ii rVit q : . - , . m 

'[02261 The -tentb^fribodtments 'exhibileJWe same , . -h^INDUSTRIAL APPLlCABll.lJiY., , j . - ■ 
ofh'ereffeets as tn thfe nint^ ennbodinhent.'n : -m v '^sb; ' ; ,. .- - .. r : ,; ,:- - 

. : 'u. i'. > t 1 ur . i; ; r': v 1 ' ^ .1! * !'■ [0235] The present invention provides a pfjnted wir- 

*'£le\/ehth embodiment i r^;- .'. . ■ i'-' i - :.45 ..jng- board,, and g ;methpd ^for. manufapturingj, the, same 
M. .i^Ji. I-.., c:- ,. C ' - 1.- : I- which c. improves t^eiectrJcaL- prppierties of .r^^^ 

' [0227] -'^ Th6 eleventh' embodiment is:an ^mbadiment iul. - printed wiring boards, particularly, the.^present invention 
' Of the'fifth'aspett of th'e invention.^ f^^sr ^ is capable of; .r; ^. ;h in - :i 
[0228]"' ' • The printed wiring board- 305 of this etmbodi- - n; .h ' . - : . - -, : 
ment' te a' m'ulUlayfer substrate 370- comprising laminat- .so if.'ii. ■ (1) bMiiding up ap odd number.Qf conductive Jayers 

■ 'ing a^luralUy of MnWiating substrates 307vias shown in ■ ■ efficiently with ROrwarping; ...j. - .i. 
Figure 41. vfi-,;;.^, .::.trj ■- -y.^r- (-2) QontrolJing interjayer dalarqination; ,^ ,| 
[0229] -The printed'.wiring board -305 h'a6:;iiTitercon- (3) forming interconnecting, thfpugh holes at accu- 

■ necting "through holes 302, someioii.which penetrate allv.?;,.' u .r^te positions; and,,, , , ^-.r a? 

of the-insulating substrates 307 'and eoma-of Which do .,55 ^ ^ i.^ ^(4). transferring a large arpount of -eiectrica! informa- 
not.^for electricaliy connecting the layers'-of the mutti- : -A ;i tipn.in and put of the printed.wiring board through 
'Tayer'substrate 370; The openings of thennterconnect-.. ^; .r^o.'.- the spider balls for external connection and achiev- 
" (ng through holes 302-00' one side df-the .wiring board : . /jing high, densiftcatipniof, surface. packaging.. ^ 
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A printed wiring board comprising an odd nunnber n 
of conductive layers which are built up via insulating 
layers respectively and are electrically connected to 
one another via interconnecting through holes: 
wherein the first conductive layer is a component- 
connecting layer on which an electronic component 
is to be mounted and leads electric currents in and 
out of the electronic component; the n-th conduc- 
tive layer is an external connecting layer for con- 
necting external connecting terminals which lead 
electric currents in and out of the printed wiring 
board; the second to (n-l)-th conductive layers are 
current transmitting layers for transmitting internal 
currents of the printed wiring board: and the surface 
of the n-th conductive layer Is covered with the n-th 
and outermost insulating layer with external con- 
necting terminals being exposed. 

The printed wiring board according to Claim 1. 
wherein the. external connecting terminals are sol- 
der balls. 

A method of manufacturing a printed wiring board 
having an odd number n of conductive layers which 
are built up via insulating layers respectively and 
are electrically connected to one another via inter- 
connecting through holes, the method comprising 
the steps of: ■ 

interposing insulating layers between the sec- 
ond to n-th conductive layers respectively and 
■also forming interconnecting through holes for 
electrically connecting the conductive layers to 
one another; 

laminating a prepreg and a copper foil on a sur- 
face of the second conductive layer, while lam- 
inating and press-bonding a prepreg on a 
surface of the n-th conductive layer to form^a 
multilayer substrate having an odd- number n of 
insulating layers and also locating the second 
to n-th conductive layers as internal layers of 
the multilayer substrate; 
etching the copper foil to form a first conductive 
layer; 

forming interconnecting through holes in the 
first insulting layer and forming connecting 
holes in the n-th insulating layer respectively; 
forming a metal plating film for electrically con- 
necting the first conductive layer with the sec- 
ond conductive layer on the walls of the 
interconnecting through holes of the first insu- 
lating layer; and 

connecting externa! connecting terminals -to 
the surface of the n-th conductive layer 
exposed through the interconnecting through 
holes of the n-th' insulating layer. 
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A printed wiring board comprising an internal insu- 
-lating. substrate. having a.^conductor circuit formed 
.. on.^ surface thereof, at least.one internal insulating 
..flayer. .laminated. on a surface.of the inte/nal insulat- 
. ing substratei.and an exterrjal insulating layer lami- 
; nated on a surface of the internal ins.ulating layer. 

the internal insulating layer and the external insulat- 
,^.ing layer having an internal conductor circuit and an 
,.,ext.ernal conductor circuit.respectively;. . 
' ^ wherein. the interoal>su^^^^^^^ is qf' a glass 

cloth-reinforceid" prepreg; and the external insulat- 
ing layer is. of a resin, r 

The printed,yviring board according to Claim 4. hav- 
ing two or more internal insulating layers. 

.■:The printed.wtring board according to Claim 4 or 5. 
.. wherein.the internal insulating, layers haye a coeffi- 
.cientofj water absorption of,0.1 to 0.^ %. 

A method of manufacturing a printed wiring board 
.having, a plurality of ..conductive, layers, which are 
-tsuill up vja insulating -layers re.spectively and are 
eJe'ctrically;Cpnnected.to.one, another via intercon- 
, neG.ting,throu3h.-hples;)he melhpd^compri the 

..steps pfj;,:,:. .r r'! ^ /'^ V ■■ - ■■ ■ I 

forming cQnductive,layers.on,a,plurality of insu- 
lating layers respectively; ^ -. . .:• 
....... : laminating, -.and .pr.ess-bonding . the ..resulting 

u..:, insulating. layers to form.a n>ultilayer;.s.ubstrate; 
. V. irradiating . a laser, beam on the, muJtitayer sub- 
;.. ;.slrate .atjnterconnecting through hole-forming 
. . ; . , po rti on s. to. . d efi ne ; ..(n te rco n n e cti ng , th ro ugh 
holes such that bottoms of the through holes 
..ireach-ilhe, conductive. layers; and ., . 
- [ .fusing spider balls against the interconnecting 
(, , ',,';,through.hples.and..filling.them w .the solder. 



40 8. Tl>eim.ethqd-.rOf manufacturing a , printed wiring, 
board according to Claim 7. wherein the walls of the 
inleroonnecti.ng through -holes,, are. gpyered with 
i- :G,metal,plating films.; ■ : ..y:.:, * >■ - 

45 9. The method of manufacturing a printed wiring 
_.:v ■ = board According-.tcClairnV or 8. .wherein tlj.e con- 
1., ..,.;;iductive.layers,have a.thicKne.ss,of-1;0,to/7p um. 

10. The method of manufacturing a printed wiring 
50 board according to any of .Claims 7 to 9. wherein 

the insulating layers are flexible films made of a 
glass fiber-reinforced resin. 

11. A printed wiring board comprising an interconnect- 
55 ' ing through hole penetrating an insulating sub- 
strate, a covering pad covering one opening of the 
interconnecting through hole, and a conductor cir- 
cuit provided along a peripheral edge of the other 
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' ' opening which remains open: 

wherein the'cov'ering pad and (he coridufctor circuit 
are electrically connected to each other via a metal 
' plating film covering a wall of 'the' 'Interconnecting 
' ' through hole; and a solder ball for external connec- 
■ tibn is bonded onto the surface of the covering pad. 

12. The printed Wiring board according to' Claim 11. 
wherein the' solder ball is' located in alignment with 
the centf-al axis of the int^rc'orinectihg throCigh hole. 

13. The printed wiring board' according' lb Claim 11, 
wherein the solder ball is located at a position offset 
ffbrn the ."intercbnnecting through' hole. ' ^ 

14. The printed wiring board according to any of Claims 
11 to t3. wh'erein the 'surface of the insulbting-feub- 
strateis 'cbvefed with a sb'IdeY rfesis't and>the inter- 
connecting through 'hole 'is- filled with' thie solder 
resist. 

15. 'A pririted winrig bo'krcf coHnprlsing'an ihterconnect- 
" ihg through hole jDeh'etrating an insulating sub- 

strate, ah annular p'ad dispbsed along ^'peripheral 
^ ' edge of one opehmg'bf the ihtercohn^btiH^ through 
hole so as not to cover the openingV-a covering pad 
covering the other opening of the interconnecting 
through hBle'and a conductor ^bti^coit'bonnected to 
the covering p^d; * I i * • 
"wherein the ^nnutal--' pad' 'and' the dove ring pad are 
' electncaHy connected to each other by a metal plat- 
• ing ''film xovenrf^ -a' \A/all' of the Interconnecting 
through hole; 'and a'^blder'yali'for'external connec- 
tion 'is -bonded' 'bntb -the surface of the annular pad. 

16. The printed wiring 'boarcf^ according' -to Claim 15, 
wherein the' solder ball is located in alignment with 
th'ebehtf^raxi's of t'he' interconnecting 'through hole, 
and the interconnecting through hole is filled with a 

' solder as the low^V part 'of the solder ball. '•■ 

17;'The pfiVited wiring^boar'iJ aci:oi-dihg no'- Claim 15. 
wherein the solder ball is located'at a^posltion offset 
from the interconnecting through hole. 

18; TKe printed wiring board acct>rding to any of Claims 
15 to T7; wherein the' sarface 'bf the insufating sub- 
strate is covered with a solder resist. 
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